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and the corresponding ring-opened hydroxy-acids derived 
therefrom are potent inhibitors of the enzyme 3-hydroxy-3- 
methylglutarylcoenzyme A reductase (HMG-CoA reductese). 
end are thus useful hypolipidemic and hypocholesteroiernic 
agents. Pharmaceutical compositions containing such com- 
pounds, and a method of preparing the compounds are also 
disclosed. 
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TRANS-6 - [ 2 - ( SUBSTITUTEDPYRROL- 1-YL ) ALKYL ] - 
PYRA N-2-ONE INHIBITORS OF CHOLESTEROL SYNTHESIS 

The present invention is related to compounds and 
pharmaceutical compositions useful as hypocholesterolemic 
5 and hypolipidemic agents. More particularly, this 

invention concerns certain trans -6-[2-(subst itutedpyrrol- 
l-yl)alkyl)-2-ones and the corresponding ring-opened 
acids derived therefrom which are potent inhibitors of 
the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A reduct- 
10 ase (HMG-CoA reductase), pharmaceutical composition 

containing such compounds, and a method of lowering blood 
r- serum cholesterol levels employing such pharmaceutical 
compositions. 
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High levels of blood cholesterol and blood lipids 
ape conditions which art Snvolvtd in tht onstt of 
arteriosclerosis. It is well known that inhibitors of 
HMC-CoA reductase ere effective in lowering the level of 
5 blood plasma cholesterol, especially low density lipo- 
protein cholesterol (LDL-C) , in Ban (cf. K. S. Brown and 
J. L. Goldstein, Mew England Journal of Medicine (1981), 
305, No. 9, 515-517). It has now been established that 
lowering LDL-C levels affords protection from coronary 

10 heart disease (cf . Journal of the American Medical 
Association (1984) 251, No. 3, 351-374). 

Moreover, it is known that certain derivatives of 
nevalonic acid (3, 5-dihydroxy-3-methylpentanoic acid) and 
the corresponding ring-closed lactone forn, sievalono- 

15 lactone, inhibit the biosynthesis of cholesterol (cf. P. 
M. Singer et al., Proc. Soc. Exper. Biol. Med. (1959), 
192 , 278) and P. B. Bulcher, Arch. Biochesu Biophys. 
(1971), 146 , 422. 

United States Patents 3,983,141; 4,849,495 and 

20 4,137,322 disclose the fermentative production of • 

natural product, now called compact In, having an Inhibi- 
tory effect on cholesterol biosynthesis. Coapactin 
has been shown to have a coeplex structure which includes 
a nevalonolactone moiety (Brown et al., J. Chen. Soc. 

25 Perkln I, (1976), 1165. 
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-3- 

United States Patent 4,255,444 to Oka eO*l7.9tS6-9 
closes several synthetic derivatives of mevalonolactone 
having ant il ipidemic activity* 

United States Patents 4,198,425 and 4,262,013 to 
Mitsue et al. disclose aralkyl derivatives of mevalono- 
lactone which are useful in the treatment of hyperlipid- 
emia. 

United States Patent 4,375,475 to Willard et al. 
discloses certain substituted 4-hydroxytetrahydropyran- 
2-ones which, in the 4 (R)- trans stereoisomer ic form, are 
inhibitors of cholesterol biosynthesis. 



In accordance with the present invention, there are 
provided certain t r ans -6- [ 2- (substituted pyrrol -1-yl) - 
alkyl] pyran-2-ones and the corresponding ring-opened 
hydroxy-acids derived therefrom which are potent inhibi- 
tors of cholesterol biosynthesis by virtue of their 
ability to inhibit the enzyme 3-hydroxy-3-methylgluta ryl- 
coenzyme A reductase (HMG-CoA reductase). 

In particular, in its broadest chemical compound 
aspect, the present invention provides compounds of 
structural formula I 



H OH 




wherein X is -CHj-, -CHjCHj-, or -CH (CHjJCHj-. is 
1-naphthyl; 2-naphthyl; cyclohexyl; norbornenyl; 
phenyl; phenyl substituted by fluorine, chlorine, 
hydroxy, tr i f luoromethyl , alkyl of from one to four 
carbon atoms, alkoxy of from one to four carbon 
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atoms, or aJkanoyloxy of from two to eight carbon atoms; 
2-, 3-, or 4-pyridinyl; 2-, 3-, or 4-pyr id inyl-N-oxide ; 



where is alkyl of from one to four carbon atoms and 
hal* is chloride, bromide, or iodide. Rj and R^ are 
independently hydrogen; chlorine; bromine; cyano; 

IB trif luoromethyl; phenyl; alkyl of from one to four carbon 
atoms; carboalkoxy of from two to eight carbon atoms; 
-CH^ORg where Rg is hydrogen, alkanoyl of from one to six 
carbon atoms, or where Rj and Rj are -CH 2 OCONHR 7 where R ? 
is alkyl of from one to six carbon atoms, phenyl, or 

15 phenyl substituted with chlorine, bromine, or alkyl of 
from one to four carbon atoms. R 2 and R^ may also, when 
taken together with the carbon atoms to which they are 
attached, form a ring denoted by 



or 



4 



5 




20 




where n is three or four; a ring denoted by 



25 




a ring denoted by 



30 




0 
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where is hydrogen, elkyl of from one to tlx carbon 
atoms, phenyl, or benzyl; or • ring denoted by 

0 



where R g and R J8 are hydrogen, alkyl of from one to four 
carbon atoms, or benzyl. 

Rj is alkyl of from one to four carbon atoms, 
10 cyclopropyl, cyclobutyl, or trif luoromethyl. 

Also contemplated as falling within this aspect of 
the invention are the corresponding dihydroxy-acid 
compounds of formula II corresponding to the opened form 
of the lactone ring of compounds of formula I 
15 H OH 

OOH 




20 

II 

where X, R^, Rj, R^, and R^ are as defined above, and the 
pharmaceutical^ acceptable salts thereof, all of the 
compounds being In the trans raceroate of the tetrahydro- 

25 pyran moiety* 

In another aspect of the present invention, there is 
provided a method of preparing compounds of formula I 

• "above by (a) first reacting a substituted [ (pyrrol-l-yl) - 
alkyl] aldehyde compound of formula III 

30 




35 III 

where X, R^ , R 2 , R JF and R^ are as defined above, with 
the alkali metal salt of the dianion of methyl aceto- 
acetate to form a compound of structural formula IV 




OH O 

I n 

X— CHCHjCCHjCOOCH 
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IV 



where X f R^ , Rj, Rj# and R^ are as defined above, then 
successivly (b) reducing compound XV with a trialkyl- 
borane and sodium borohydride and (c) oxidizing with 
alkaline hydrogen peroxide to produce an acid compound of 
formula V 



and finally (d) cyclizing, if desired,, the acid compound 
of formula V to a lactone compound of formula 1 by 
heating in an inert solvent or, alternatively converting, 
if desired, the acid compound of formula V to a pharma- 
ceutical^ acceptable salt. 

In another aspect, the present invention provides 
pharmaceutical compositions, useful as hypolipidemic or 
hypocholesterolemic agents, comprising a hypolipidemic or 
hypochol esterolemic affective amount of a compound in 
accordance with this Invention as set forth above. In 
combination with a pharmaceutically acceptable carrier. 

In another aspect, the present invention provides a 
method of inhibiting cholesterol biosynthesis in a 
patient in need of such treatment by administering a 
pharmaceutical composition in accordance with the present 
invention as defined above. 

In a first preferred subgeneric chemical compound 
aspect, the present invention provides compounds of 
formula I above wherein X Is -CH-CH--, R. is 




V 



15 



as defined above, R 2 and Rj are independent! y9iy^og§£,^ 
chlorine, or bromine, and R^ is as defined above. 

In a second preferred subgeneric chemical compound 
aspect, the present invention provides compounds of 
formula I above where X is -CHjCHj-, R^ 
phenyl or phenyl substituted by fluorine, chlorine, 
hydroxy, tr i f 1 uoromethyl , alkyl of from one to 
four carbon atoms, alkoxy of from one to four carbon 
atoms, or elkanoyloxy of from two to eight carbon atoms, 
or where R x is 2-, 3-, or <-pyridinyl; 2-, 3-, or 



If 4-pyridinyl-N-oxide, or 



where R^ is alkyl of from one to four carbon atoms and 
hal" is chloride, bromide, or iodide* In this aspect of 
the invention, R 2 and R 3 are preferably independently 
hydrogen, chlorine, or bromine, and R^ is alkyl of from 

20 one to four carbon atoms or tr i f luoromethyl . 

In a third preferred subgeneric chemical compound 
aspect, the present invention provides compounds of 
formula I above where X is -CH 2 CH 2 -, Rj is phenyl or 
phenyl substituted by fluorine, chlorine, hydroxy, 

25 trif luoromethyl , alkoxy of from one to four carbon atoms, 
or alkanoyloxy of from two to eight carbon atoms, R 2 and 
Rj are Independently hydrogen, chlorine, or bromine, and 
R^ is Isopropyl or trif luoromethyl* 

38 In a fourth preferred subgeneric chemical compound 

aspect, the present invention provides compounds of 
formula I above where X is -CH 2 CH 2 -, and R^ 
is phenyl or phenyl substituted by fluorine, chlorine, 
trif luoromethyl , alkyl of from one to four 

35 carbon atoms, alkoxy of from one to four carbon atoms, or 
alkanoyloxy of from two to eight carbon atoms, or where 
Rj Is 1-naphthyl, or 2-naphthyl, In this preferred 
aspect of the invention, R 2 and R 3 are Independently 



10 



30 
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hydrogen, chlorine, bromine, cyano, trifluoromethyl, 
phenyl, alkyl of from one to four carbon atoms, 
carboalkoxy of from two to eight carbon atoms, -CH 2 0R 6 
where R fi is hydrogen or alkanoyl of from one to six 
carfcon atoms, -CHjOCONHRj where R^ is alkyl of from one 
to six carbon atoms, phenyl, or phenyl substituted with 
chlorine, bromine, or alkyl of from one to four carbon 
atoms.- In this aspect of the invention, R 2 and R 3 may 
also, when taken together with the carbon atoms to which 
they are attached, form a ring denoted by 



(CH,) 



15 where n is three or four; a ring denoted by 




CO 



20 a ring denoted by 




25 where R g is hydrogen, alkyl of from one to four carbon 
atoms, phenyl, or benzyl; or a ring denoted by 

O 

I 



*10 



35 



where R 9 and R J0 are hydrogen, alkyl of from one to four 
carbon atoms, or benzyl. In this aspect of the 
invention, R^ Is preferably alkyl of from one to four 
carbon atoms, cyclopropyl, cyclobutyl, or trifluoro- 
methyl. 

In a fifth preferred subgeneric chemical compound 
aspect, the present invention provides compounds of 
formula I above where X Is -CH 2 CH 2 -, and Rl 



le 



-3— 017955Q 
is phenyl or phtnyl substituted by fluorine, chlorine, 

trifluoromethyl, alkyl of from one to four carbon atoms, 

elkoxy of from one to four carbon atoms, or alkanoyloxy 

of from two to eight carbon atoms. R 2 and Rj 

are preferably Independently hydrogen, chlorine, bromine, 

phenyl, or carboalkoxy of from two to eight carbon atoms. 

In this aspect of the invention R 2 and R 3 may also, when 

taken together with the carbon atoms to which they are 

attached, form a ring denoted by 




15 where n is three .or four; a ring denoted by 

O 

o 

20 where R g is hydrogen, or alkyl of from one to four carbon 
atoms; or a ring denoted by 



25 



30 



35 



I 



<10 



where Rg end R J0 are hydrogen or alkyl of from one to 
four carbon atoms. In this aspect of the Invention, R 4 
is preferably alkyl of from one to four carbon atoms, 
or trifluoromethyl. 

In--a sixth preferred subgeneric chemical compound 
aspect, the present invention provides compounds of 
formula I above where X Is -CHjCHj-, ^ i s i8 phenyl or 
phenyl substituted by fluorine, chlorine, trifluor- 
■ethyl, alkyl of from one to four carbon atoms, alkoxy of 
from one to four carbon atoms, or alkanoyloxy 
of from two to eight carbon atoms. R 2 and R 3 are 
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preferably independently carboalkoxy of from two to eight 
carbon atoms or, when taken together with the carbon 
atoms to which they are attached form a ring denoted by 



where R g is hydrogen or alkyl of from one to four carbon 
atoms. In this aspect of the invention, R 4 is preferably 
isopropyl or tr if luoromethyl. 

fcs used throughout this specification and the 
appended claims, the term 'alkyl" denotes a branched or 
unbranched saturated hydrocarbon group derived by the 
removal of one hydrogen atom from an alkane. 

The term "alkoxy" denotes an alkyl group, as just 
defined, attached to the parent molecular residue through 
an oxygen atom. 

The term "alkanoyloxy* is meant to denote an alkyl 
group, as defined above, attached to a carbonyl group and 
thence, through an oxygen atom, to the parent molecular 
residue • 

The term "carboalkoxy* is meant to denote an alkyl 
group, as defined above, attached to an oxygen atom and 
thence, through a carbonyl group, to the parent molecular 
residue. 

The term "norbornenyl* denotes a group derived by 
the removal of a hydrogen atom (other than at a 
bridgehead carbon atom) from bicyclo[2.2. l]hept-2-ene. 



O 
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Sptcific examples of compounds contemplated as 
falling within the scope of the present invention include 
the following: 

txans-6-l2-t2-Cyclobutyl-5-(4-fluorophenyl)-!H- 
5 pyrtol-l-yl] ethyl] tetrahydro-4-hydroxy-2H-pyran-2-one . 
trans-6- [2- l2-Cyclohexyl-5- (4-f luorophenyl ) -1H- 
pyrrol-l-yl] ethyl] tetrahydro-4-hydroxy-pyran-2-one. 

tr^ans-Te t r ahyd r o-4-hydr ox y~6- [ 2- ( 2-ne thyl -5- 
phenyl-lH-pyrrol-l-yl) ethyl ]-2H-pyran-2-one . 
10 trans -6-[2-[2-(4-Chlorophenyl)-S-aethyl-lH- 

pyrrol-l-yl] ethyl] tetrahydro-4-hydroxy-2IJ-pyran-2-one . 

trajvs-Tetrahydro-4-hydroxy-6-[2*t2- (4-oethoxy- 
phenyl ) -5-methyl-lH-pyrrol-l-yl ] ethyl] -2H-pyran-2-one • 
trans-6- 1 2- 12- ( [1, 1 '-Biphenyl ]-4-yl ) -5-aethyl- 
15 lH-pyrrol-l-yl) ethyl] tetrahydro-4 -hydr ox y-2H-pyran-2-one . 
trans -Tetrahydro-4-hydroxy-6-[2-[2-pethyl-5- 
[3- (tr if luorone thyl) phenyl] -lH-pyrrol-l-yl] ethyl ]-2H- 
pyran-2-one. 

trans-6- [2- [2- (2, 5-Dimethylphenyl } -5- 
20 <l-methylethyl)-lH-pyrrol-l-yl] ethyl] tetrahydro-4- 
hydroxy-2H-py ran-2-one . 

trans -6- 1 2- [ 2 - (2, 6-Dimethoxyphenyl ) -5- 
(1-me thyl e thy 1 ) -lH-pyrrol-1-yl] ethyl ] tet rahydro-4- 
hydr oxy-2H-py ran-2-one • 
25 trans -Tetrahydro-4-hydroxy-6- [2- [2-methyl-S- 

(2-naphthalenyl ) -IH-pyrrol-l-yl] ethyl] -2H-pyran-2-one . 

trans -6- [2-(2-(Cyclohexyl-5-trif luoromethyl-lH- 
pyrrol-l-yl) ethyl] tetrahydro-4-hydroxy-2£-pyran-2-one • 
trans -6-[2-[2-(4-riuorophenyl)-3,4-dimethyl-5- 
30 (l-«ethylethyl)-lB-pyrrol-l-yl]ethyl] tetrahydro*4- 
hydroxy-2H-pyran-2-one • 

trans-2- ( 4-F1 uorophenyl ) -5- ( 1 -aethyle thyl ) -1- 1 2- 
( tetrahyd ro-4-hyd r oxy-6-oxo-2B-py r an-2-yl ) ethyl ] -1H- 
pyrrole-3, 5-dicarboxylic acid. 
35 trans- 2-(4-riuorophenyl)-M 3 g W 3 r W 4 J M 4 -tetraaethyl- 
5-(l-methylethyl)-l- t2-(tetrahydro-4-hydroxy-6-oxo-2H- 
pyran-2-yl) ethyl] -lH-pyrrole-3,4-dicarboxamide. 
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- - 

trans -6-!2-[3, 4-Dlchloro-2- (3-f luorophenyl)-5- 
(1-me thyl e thyl )-lH-pyrrol-l-yl] ethyl) tetrahydro-4- 
hydroxy-2H-pyran-2-one. 

tr£ns-2-(4-Fluorophenyl)-5-(l-methylethyl)-l-[2- > 
5 (tetrahydro) -4-hydroxy-6-oxo-2H-pyran-2-yl) ethyl] 
pyrrole-3, 4-dicarbonitrile . 

tnans-6-[2-l3,4-Diacetyl-2-(4-f luorophenyl)-5- 
(1-methylethyl ) -lH-pyrrol-l-yl] ethyl ]tetrahydro-4- 
hydroxy-2H-pyran-2-one» 
10 trans-Di ethyl 2- (4-Fluorophenyl) -1- 12- (tetrahydro) - 

4-hyd r oxy-6-oxo-2H-pyran-2-yl } ethyl ] -5- ( tr i f 1 uo rome thyl ) - 
lB-pyrrole-3, 4-dicarboxylate . 

trarrs-Bis (1-methylethyl) 2- (4-Fluorophenyl ) -5- 
(1-methylethyl )-l- [2- (tetrahydro) -4-hydroxy-6-oxo-2H- 
15 pyran-2-yl) ethyl ]-lH-pyrrole-3, 4-dicarboxylate. 

txans-6- [2- (3, 4-Diethyl-2- (4-f luorophenyl ) -5- 
(l-methylethyl)-lH-pyrrol-l-yl] ethyl] te trahydro-4- 
hydroxy-2H-pyran-2-one. 

trans -6- [ 2- [2- (4-Fluorophenyl )-3,4- 
20 bis (hydroxyme thyl) -5- (1-methylethyl )-!H-pyrrol-l-yl]- 
ethyl] tetrahydro-4-hydroxy-2H-pyran-2-one . 

trans -l-Methylethyl 4-Chloro-2- (4-f luorophenyl ) -5- 
(1-me thy le thy l)-l-{ 2- (tetrahydro) -4-hydr oxy-6-oxo-2H- 
pyran-2-yl) ethyl] -lH~pyr role-3-carboxylate . 
25 trans -6-[2-[4- (4-Fluorophenyl) -6- (1-roethyle thyl) - 

IH-f uro [ 3 , 4-c] pyrrol-5 (3H ) -yl ] ethyl ] te tr ahydro-4-hydroxy- 
2H-pyran-2-one . 

trans-6-[2-[2- (4-Fluorophenyl) -5- (1-methyle thyl)- 
3,4-bis [ [ I (phenylamino)carbonyl]oxy]methyl]-lH-pyrrol- 
30 1-yl] ethyl ) tetrahydro-4-hydroxy-2H-pyran-2-one. 

trans-l-Methylethyl 4-Chloro-5- (4-f luorophenyl ) -2- 
(l-Bethylethyl)-l- [2- (tetrahydro) -4-hydroxy-6-oxo-2H- 
pyran-2-yl ) ethyl ) -lB-pyrrole-3-carboxylate. 

trans -Ethyl 5- (4-Fluorophenyl)-l-[2-(tetrahydro)-4- 
35 hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-2-(trifluoroBethyl)- 
lH-pyrrole-3-carboxylate. 
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trans -Ethyl 5- (4-Fluorophenyl) -2- ( 1 -methyl ethyl }- 

4- phenyl-l-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2- 
yl) ethyl J-lH-pyrrole-3-carboxylate. 

tr£ns-6-l2-ll-(4-riuorophcnyl)-4 r 5 # 6 r 7-tttrahydro-3- 
5 »ethyl-2H-isoindol-2-yl] ethyl) tetrahydro-4-hydroxy-2H- 
pyran-2-one. 

trans-4- (4-F1 uorophenyl)-2-ne thyl-6- (1-methyl ethyl )- 

5- [2- (tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl) ethyl ) - 
pyr rolo [ 3, 4-£] pyr role-1 , 3 (2H f 5H) -d lone • 

10 trans-6- [2- [1- (4-Fluorophenyl) -5, 6-dihydro-3- 

(l-methylethyl)pyrrolo[3,4-£) pyrrol-2(4H) -yl] ethyl] - 
tetrahydro-4-hydroxy-2H-pyran-2-one . 

trans -6- [2-[l- (4-Fluorophenyl) -5. 6-dihydro-5- 
nethyl -3- (1-methylethyl ) pyrrolo (3, 4-c) pyr rol-2 (4B) -yl ) - 
15 ethyl] tetrahydro-4-hydroxy-2H-pyran-2-one . 

trans-6-[2-[3-Chloro-5-(4-fluorophenyl}-2- 
(l-methylethyl)-4-phenyl-lH-pyrrol-l-yl) ethyl] tetrahydro- 
4-hydroxy-2H-pyran-2-one . 

trans -6- 12- [2- (4-Fluorophenyl) -5- (1-methylethyl ) - 
20 3,4-diphenyl-lH-pyrrol-l-yl Jethyl] tetrahydro-4-hydroxy- 
2B-pyran-2-one • 

Particularly preferred compounds in accordance with 
the present invention are: 

trans -6- 12- [3, 4-Dichloro-2- (4-f luorophenyl) -5- 
25 (l-methylethyl)-lH-pyrrol-l-yl) ethyl] tetrahydro-4- 
hydroxy-2H-pyran-2-one . 

trjans-6- [2- 1 3 r 4-Di bromo-2- (4-f luorophenyl ) -5- 
(1-me thylethyl)-lH-pyrrol-l-yl] ethyl ] te trahydro-4- 
hydroxy-2H-pyran-2-one • 
30 trans -6- 12- (2- (4-Fluorophenyl) -5- (tr if luoromethyl) - 

lH-pyrrol-1-yl) ethyl] tetrahydro-4-hydroxy-2H-pyran-2-one . 

trans -Dimethyl 2- (4-F1 uorophenyl ) -5- (1-methylethyl ) - 
1- 12- (tetrahydro-4-hydroxy-6-oxo-2I[-pyran-2-yl) ethyl ) - 
lH-pyrrole-3,4-dicarboxylate. 
35 trans -6- [2-[2-(4-Fluorophenyl-5-pethyl-lH-pyrrol- 

1-yl ] ethyl ] tetrahydro-4-hydroxy-2£-pyran-2-one . 
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trans -6- [2- [2- {4-Fluorophenyl-5- (1-methyl ethyl )- 
IH-p/rr ol-l-yl) ethyl) te trahydro-4-hydroxy-2H-pyran-2-one . 

trans-6- 12- [2-Cyclopropyl-5- (4-f luorophenyl) -1H- 
pyrrol-l-yl) ethyl) tetrahydro-4-hydroxy-2H-pyran-2-one . 
5 ' trans-6-l2-l2-(l r l-Dimethylethyl)-5- 

(4-fluorophenyl)-lH-pyrrol-l-yl)ethyl) tetrahydro-4- 
hydroxy-2£-pyran-2-one . 

traris-Te tr ahydro-4-hydroxy-5- [2-12- (2-roethoxy- 
phenyl) -5-trif luoromethyl-lH-pyrrol-l-yl) ethyl]-2H-2-one . 
IB t£an£-Tetrahydro-4-hydroxy-6-[2-[2-{2-»ethoxy- 
phenyl) -5- (l-methylethyl)-lH-pyrrol-l-yl]ethyl)-2H- 
pyran-2-one . 

trar^-Tetrahydro-4-hydroxy-6-[2- t2-IDethyl-5- 
(l-naphthalenyl)-lH-pyrrol-l-yl)ethyl)-2H^^ 
15 trans-6-t2-(2-Bicyclo[2.2.1]hep-5-en-2-yl-5-methyl- 
lH-pyrrol-l-yl) ethyl) te trahydro-4-hydroxy-2H-pyran-2-one . 

trans-6- [2- [2- (4-Fluorophenyl) -5- (1-methylphenyl ) - 
lH-pyrrol-l-yl) propyl) tetr ahydro-4-hydroxy-2H-pyran-2- 
one. 

20 Compounds of the present invention where F* 2 and R 3 

are hydrogen are prepared by the methods outlined in 

Reaction Sequence 1 or Reaction Sequence 2. 

Ks shown in Reaction Sequence 1, the aldehydes, VI, are 

reacted with the appropriately substituted vinylketones, 
25 VII r In the presence of the thiazolium salt, VIII, and a 

base such as tr iethylamine , to produce the diketones, IX. 

(See Ang. Chere. Int. Ed. , 15: 639-712 (1976)). 

The diketones, IX, are reacted with an omega-amino- 

alkylnitrile (compound Roman numeral ten where the value 
30 of X is methylene, ethylene, or 1-methylethylene) in 

acetic acid to produce the disubstituted pyrrole 

nitriles, XI. 

Treatment of the pyrrole nitriles, XI, with 

diisobutylaluminum hydride in an Inert solvent such as 
35 dichloromethane produces the corresponding pyrrole 

aldehydes, XII. 



o 
II 

CC1 

f l ' 



REACTION SEQUENCE 1 



O 
n 



♦ R 2 CCH-CH 2 
VII 
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(H 5 C 2 ) 3 N 



0 
ll 



o 

ll 



OH 



R 1 CCH 2 CH 2 CR 2 



B 3 C Cl~ 

V J VIII 
0H 2 C 



IX 



HOAc 

H 2 N-X-C N 



N 



,X-CHO 



XII 



Diisobutylaluminum 
hydride 



© S© 



NaLl (CH 2 C-CH-COOCH 3 ) 



XI 




OH O 
i H 

N ^CH 2 CH 2 CHCH 2 CCH 2 COOCH 3 1) Tributylborane 

2) Sodium borohydride 



XIII 



3) H 2 0 2 , OH- 



H OH 




N 



"1 

JL CH-CH,CCH,CCH,COOH 

tr- 2 % 2 /i 2 
1 — h'oh b'Ih 



xiv 



Reaction of the pyrrole aldehydes, XII, Alh7££59 
dilithium or lithium sodium salt methyl acetoacetate 
produces the 7- (substi tutedpyrrolyl)-5-hydroxy-3-oxo- 
heptanoates, XIII. The heptanoates, XIII, are dissolved 

5 in a polar solvent such as tetrahydrof uran, through which 
a small quantity of air has been bubbled. A slight 
excess of a trialkylborane, such as tributylborane , is 
added to the mixture which is then cooled to a 
temperature of preferably between about B°C and -7B°C 

10 after which sodium borohydride is added. 

After stirring this mixture for about one to two 
hours, the mixture is oxidized with basic hydrogen 
peroxide. The reaction produces the 7-{substi tuted- 
pyrrolyl)-3, 5-dlhydroxyheptanoic acids, XIV, in which the 

15 product contains a predominance of the desired R , R 

configuration at carbon atoms three and five which bear 
the hydroxy groups. 

The acids may be converted to a corresponding 
pharmaceut ically acceptable salt by conventional methods 

20 or, alternatively, cyclized to the 6- [2- (substi tuted- 
pyrrol-l-yl) alkyl] pyran-2-ones, I , by dehydration in an 
inert solvent such as refluxing toluene with azeotropic 
removal of water. This cyclization reaction is found to 
produce material containing from 85-90% of the desired 

25 active trans -configuration of the 4-hydroxy group 

relative to the 6- (substitutedpyrrolyl)alkyl group on the 
pyran-2-one lactone ring. 

Alternative procedures for preparing compounds of 
formula I *o£ this invention where R^ and are hydrogen, 

30. and for preparing intermediates, are illustrated in 
Reaction Sequence 2. As shown in Reaction Sequence 2, 
the diketones, IX, can be prepared by reacting the known 
alpha-haloketones , XV, with the sodium salt of known 
beta-ketoesters, XVI, followed by hydrolysis and 

35 decarboxylation in the conventional manner. The 

diketones, IX, are reacted with ammonium acetate in 
acetic acid to produce the cyclized 2,5-disubsti tuted 
pyrroles, XVII. 
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An alternative for this step, preferred vf?e1i R®^59 
and/or R 4 are sterically bulky groups, involves reaction 
of the diketones, IX, with an omega-hydroxyalkyl amine 
(compound XVIII where X is ©ethylene, ethylene, 

5 1-methylethylene) , to produce the N-(omega-hydroxy- 
alkyl)-2,5-disubstitutedpyrroles, XIX* 

The 2,5-disubstitutedpyrroles, XVII, are converted 
to the omega- (substitutedpyrrolyl)aldehydes, XX, by 
sequential reaction with sodium hydride, a 1,1-dinethoxy- 

10 omega-brorooalkane (compound XXI where X is methylene, 
ethylene, 1-methylethylene, or vinyl), and then acid. 
The aldehydes, XX, are subsequently used in the 
preparation of compounds of formula I of this invention 
as illustrated above in Reaction Sequence 1* 

15 The 2,5-disubstituted pyrroles, XVII, are converted 

to the corresponding (2, 5-disubsti tutedpyr rolyl ) ni triles , 
XXII (when X is ethylene), by reaction with acryloni trile 
or, alternatively (when X is other than ethylene), by 
starting with compounds of formula XIX. In this latter 

20 instance, the hydroxy functionality of compounds of 
formula XIX is converted to the p-toluenesulfonate by 
conventional means, and the tosylate group is 
subsequently displaced by cyanide ion to produce the 
nitriles of formula XXII. The compounds of formula XXII 

25 are subsequently used In the preparation of compounds of 
formula I of this invention by methods detailed in 
Reaction Sequence 1 above. 

Starting materials and intermediates employed in 
Reaction Sequences I and 2 above may be prepared by the 

30 general methods outlined in Reaction Sequence 3. For 
example, as shown there, the vinyl ketones, VII, are 
prepared by either of the two Methods illustrated. In 
one method, the known acid chlorides, XXIII, are reacted 
with the trimethylsilylethene, XXIV, in the presence of 

35 anhydrous aluminum chloride in dichloromethane • 

In the alternative method of preparing the vinyl 
ketones, VII, which Is preferred when Rj^ is an aromatic 
substitutent such as phenyl or substituted phenyl, the 
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known methyl aryl ketones, XXV, ere converted to 
(dimethylaminoethyl)aryl ketones, XXVI, and then by 
destination to the vinyl ketones, VII. 

The compounds of the present invention of formula I 

5 where the groups R 2 and Rj are other than hydrogen or 
halogen can be synthesized by the methods detailed in 
Reaction Sequences 4-8. 

Employing the method detailed in Reaction Sequence 
4 the compounds of the present invention where R 2 and R 3 

10 are both halogen can be prepared by the halogenation of 
the unsubstituted compounds with N-halosuccinimide in a 
three-step process involving the prior protection of the 
4-hydroxy group of the lactone ring. Thus, for example, 
the 2, 5-disubstitutedpyrrol-l-yl compounds, XXVII, are 

15 first converted to the corresponding tert -butyl- 

dimethylsilyl ethers, XXVIII. The protected compounds 
and then chlorinated with N-chlorosuccinimide in a polar 
solvent such as dime thylf ormanide to produce the 
silylated 3,4-dichloro compounds, XXIX. The protecting 

20 silyl ether group is then subsequently removed by 
reaction with a buffered fluoride reagent such as 
tetrabutylammonium fluoride in a mixed acetic 
acid/tetrahydrof uran solvent system to produce the 
dichloro compounds, XXX. 

25 Alternatively, as detailed in Reaction Sequence 5, 

the (2,5-disubstitutedpyrrol-l-yl)alkyl nitriles, XI (see 
Reaction Sequence 1) are halogenated by employing an 
N-halosuccInimide In dimethylf ormamlde to provide the 
2,5-disubstituted-3,4-dihalopyrroles, XXXI. (See Aiello, 

30 et al., J. Bet. Chem. , 19: 977 (1982)). These compounds 
can then be subsequently converted to the compounds of 
the present invention by conventional methods detailed in 
Reaction Sequence 1. 

A third method takes advantage of the chemistry of 

35 mesionic compounds of the type described originally by R. 
Huisgen, et al . , Anq. Chem. Int. Ed. , 3: 136 (1964). In 
this procedure, detailed in Reaction Sequence 6, an 
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N-alkyl-N-acylamino acid is treated with an acid 
anhydride and a substituted acetylenic compound to 
produce a pyrrole. For example. Reaction Sequence 6 
shows how reaction of an alpha-halo ester, XXXII, with 

5 2-(l- (2-aminoethyl) }-l, 3-dioxalane in tr iethylamine 
provides the N-alkyl-alpha-aminoester , XXXIII. The 
aninoester, XXXIII is acylated with an acid chloride and 
subsequently hydrolyzed in base to produce the 
N-acyl-N-alkyl aroinoacid, XXXIV. Reaction of this latter 

10 compound with the desired substituted acetylenic 
compound, XXXV, produces the substituted pyrrole 
compounds, XXXVI. Acidic hydrolysis of XXXVI yields the 
aldehyde compounds, XXXVII, analogous to compounds XII of 
Reaction Sequence 1. Compounds of formula XXXVII are 

15 used in subsequent steps In a manner detailed in Reaction 
Sequence 1 to produce compounds of the present invention. 

Preferred substituents for the substituted 
acetylenic compounds in this method of making compounds 
of the present invention include carboalkoxy groups, 

20 phenyl groups, alkanoyl groups, alkyl groups and cyano 

groups. The reaction between the disubsti tuted acetylene 
compound and the N-acyl-N-alkyl aminoacids, XXXIV, 
generally proceeds smoothly; for example, the 

25 dicarbomethoxy acetylene reacts smoothly at 25°C. 

However, when only one activating group is attached to 
the acetylene, the reaction mixture must generally be 
warmed to 70-110°C to obtain high yields of the pyrrole 
compounds . 

30 A variety of other pyrroles can be derived from 

compounds of the general formula XXXVI when the groups. R 2 
and & 3 are carbomethoxy. Some of these transformations 
are detailed in Reaction Sequences 7 and 6. For example, 
as shown in Reaction Sequence 7, reduction of XXXVI with 

35 a reducing agent such as lithium aluminum hydride results 
in the bis (hydroxymethyl) pyrrole which can be 
subsequently further reduced to the dimethyl compound. 
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XXXVIII # by means of tr iethylsilane and tr i f luoroace t i c 
acid employing the procedure of West, et al., J, Org, 
Chem. ,38: 2675 (1973)). 

Alternatively, as shown In Reaction Sequence 8, 

5 reaction of the compounds of formula XXXVI with a 
Grignard reagent or an alkyl-H thium reagent in the 
conventional manner followed by reduction and standard 
work-up affords the higher dialkylpyrroles, XXXIX. 

10 Reaction of the diesters, XXXVI, or the 

corresponding diacids {obtained by conventional 
hydrolysis) with secondary amines provides the 
bis (dialkylamides) , XL. 

Alternatively, reaction of XXXVI with primary 

15 amines, followed by thermal cycllzation In the 

conventional manner, provides the pyrrolosuccinimides , 
XLI, which can be reduced to XLII, if desired by reducing 
agents such as lithium aluminum hydride. 

The bis (hydroxymethyl)pyrrole compounds derived from 

20 the lithium aluminum hydride reduction of XXXVI can be 
converted to their corresponding esters or carbamates by 
reaction with the desired acid anhydride or isocyanate, 
respectively. (See Anderson, et al . , J . Med. Chea. , 22: 
977 (1979)). 

25 The acids, XLIII, derived by convention hydrolysis 

of compounds of formula XXXVI can also be converted to 
the bis (amido)pyrroles, XLIV, which in turn can be 
dehydrated to produce the bis(nitrilo)pyrroles, XLV. 
Lastly, if desired, the bis (alkanoyl) pyrroles, XLVI , can 

30 be derived from the bis (nitrilo) pyrroles by reaction in 
the convention manner with the appropriate Grignard 
reagents. 

The ring-opened dihydroxy-aclds of structural 
formula II above are intermediates in the synthesis of 
35 tbe lactone compounds in accordance with the 

above-detailed reaction methods, or may be produced from 
the lactone compounds by conventional hydrolysis of the 
lactone compounds of formula I. 
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In the ring-opened dihydroxy acid form, compounds of 
the present invention react to form salts with 
pharmaceut ically acceptable metal and amine cations 
formed from organic and inorganic bases. 

5 The term 'pharmaceutically acceptable metal cation" 

contemplates positively charged metal ions derived from 
sodium, potassium, calcium, magnesium, aluminum, iron, 
zinc and the like. 

The term "pharmaceutically acceptable amine cation* 

10 contemplates the positively charged ions derived from 
ammonia and organic nitrogenous bases strong enough to 
form such cations. Bases useful for the formation of 
pharmaceutically acceptable nontoxic base addition salts 
of compounds of the present invention form a class whose 

15 limits are readily understood by those skilled in the 
art. 

The free acid form of the compound may be 
regenerated from the salt, if desired, by contacting the 
salt with a dilute aqueous solution of an acid such as 
20 hydrochloric acid. 

The base addition salts may differ from the free 
acid form of compounds of this invention in such physical 
characteristics as melting point and solubility in polar 
solvents, but are considered equivalent to the free acid 
25 forms for purposes of this invention. 

The compounds of this invention can exist in 
unsolvated as well as solvated forms. In general, the 
solvated forms, with pharmaceutically acceptable solvents 
such as water, ethanol, and the like, are equivalent to 
30 the unsolvated forms for purposes of this invention. 

The compounds of this invention are useful as 
hypocholesterolemic or hypolipidemic agents by virtue of 
their ability to inhibit the biosynthesis of cholesterol 
through inhibition of the enzyme 3-hydroxy-3-methyl- 
35 glutaryl-coenzyme A reductase (HMG-CoA reductase). 

The ability of compounds of the present invention to 
inhibit the biosynthesis of cholesterol was measured by 
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two methods. A first mtthod (designsttd CSX scrttn) 
utllittd tht proetdurt dttcribtd by R. C. Dugan et al., 
Archlv, Biochtm. Biophyt. , (1972), 152, 21-27. In this 
method, tht ltvtl of HMG-CoA tnxymt activity in standard 
S laboratory rats is incrtastd by fetding tht rats a chow 
dltt containing 51 choltstyrsmint for four days, afttr 
which tht rats art sacrifietd. 

Tht rat livtrs art horaogeni ltd , and tht 
incorporation of cholesterol-^C-acetate into non- 
10 saponifiablt lipid by tht rat liver homogenate is 
measured. Tht micromolar conctntratlon of compound 
rtquirtd for 501 inhibition of sttrol synthesis over a 
one-hour period is measured, and txprtssed as an IC 5g 
value. 

15 A second method (designated COR screen) employed the 

procedure detailed by T. Kita, et il M J. Clin. Invest. , 
(1980), 66: 1094-1100. In this method, the amount of 
**C-HMG-CoA converted to **C-mevalonatt in the presence 
of a purified enzyme preparation of HMG-CoA reductase was 

20 measured. The micromolar concentration of compound 

required for 50% inhibition of cholesterol synthesis was 
measured and recorded as an IC^ 0 value. 

The activity of several rtprtsentative examples of 
compounds in accordance with the present invention 

25 appears in Table 1, and is compared with that of the 

prior art compound, compactin. In particular, compounds 
of the present Invention where R ? and R 3 are substituents 
other than hydrogen have activities comparable to that of 
the natural product, compactin. 
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For preparing pharmaceutical compositions from 
the compounds described by this invention, inert, 
pharmaceutical^ acceptable carriers can be either 
solid or liquid* Solid form preparations include 
5 powders, tablets, dispersable granules, capsules, 
cachets, and suppositories. 

A solid carrier can be one or more substances 
which may also act. as diluents, flavoring agents, 
solubilizers, lubricants, suspending agents, binders, 
10 or tablet disintegrating agents; it can also be an 
encapsulating material* 

In powders, the carrier is a finely divided 
solid which is in a mixture with finely divided 
active compound. In tablets, the active compound 
15 is mixed with the carrier having the necessary 
binding properties in suitable proportions and 
compacted in the shape and si2e desired. 

For preparing suppository preparations, a low- 
melting wax such as a mixture of fatty-acid glycerides 
20 and cocoa butter is first melted, and the active 
ingredient is dispersed homogeneously therein, as 
by stirring. The molten homogeneous mixture is then 
poured into convenient sized molds and allowed to 
cool and solidity. 
25 The powders and tablets preferably contain 

5 to about 70% of the active ingredient. Suitable 
solid carriers are magnesium carbonate, magnesium 
stearate, talc, sugar, lactose, pectin, dextrin, 
starch, tragacanth, methyl cellulose, sodium 
30 carboxymethyl cellulose, a low-melting wax, cocoa 
butter, and the like. 

The term 'preparation" is intended to include 
the formulation of the active compound with 
encapsulating material as carrier providing a 
35 capsule in which the active component (with or without 
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other carriers) is surrounded by a carrier, which 
is thus in association with it. Similarly, cachets 
are included. Tablets, powders, cachets, and 
capsules can be used as solid dosage forms suit- 
5 able for oral administration. 

Liquid form preparations include solutions, 
suspensions, and emulsions. As an example may be 
mentioned water or water-propylene glycol solutions 
for parenteral injection. Liquid preparations can 
10 also be formulated in solution in aqueous poly- 
ethylene glycol solution. Aqueous solutions for 
oral use can be prepared by dissolving the active 
component in water and adding suitable colorants, 
flavoring agents, stabilizers, and thickening agents 
15 as desired. Aqueous suspensions for oral use can 
be made by dispersing the finely divided active 
component in water with viscous material, i.e., 
natural or synthetic gums, resins, methyl, cellu- 
lose, sodium carboxymethyl cellulose, and other 
20 well-known suspending agents. 

Preferably, the pharmaceutical preparation 
is in unit dosage form. In such form, the pre- 
paration is subdivided into unit doses containing 
appropriate quantities of the active component. 
25 The unit dosage form can be a packaged preparation, 
the package containing discrete quantities of 
preparation, for example, packeted tablets, capsules, 
and powders in vials or ampoules. The unit dosage 
form can also be a capsule, cachet, or tablet itself 
30 or it can be the appropriate number of any of these 
packaged forms. 

In therapeutic use as hypolipidemic or hypo- 
cholesterol emic agents, the compounds utilized in the 
pharmaceutical method of this invention are 
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administered to the patient at dosage levels of from 
40 mg to 600 mg per day. For a normal human adult 
of approximately 70 kg or body weight, this trans- 
lates to a dosage of from about 0.5 mgA9 to about 
5 8.0 mg/kg of body weight per day. 

The dosages, however, nay be varied depending 
upon the requirements of the patient, the severity 
of the condition being treated, and the compound 
being employed. Determination of optimum dosages 
10 for a particular situation is within the skill of 
the art. 

The following examples illustrate particular 
methods for preparing compounds in accordance with 
this invention. These examples are illustrative 
15 and are not to be read as limiting the scope of the 
invention as it is defined by the appended claims. 

EXAMPLE 1 

Preparation of trans-6-t2-[2-(4-fluorophenyl)-5- 
(l-methylethyl)-lH-pyrrol-l-yl) ethyl] tetrahydro- 
20 4-hydroxy-2H-pyran-2-one 

Step A: Preparation of l-(4-fluorophenyl )-S- 
methyl-1, 4-hexaned ione. 
A mixture of l-(4-fluorophenyl )-2-propene-l- 
one (43 g, 286.7 mmol) prepared in accordance with 
25 the method detailed in Org. Syn., Coll. vol. IV, 
305, was mixed with 31.2 ml (344 mmol) of iso- 
butraldehyde, 2B ml (200 mmol) of trie thyl amine, 
and 14.5 g (57.7 mmol) of 2-(2-hydroxyethyl)-3- 
methyl-4-benzylthiazolium chloride and the mixture 
30 stirred under nitrogen at 70 # C for 12 hours. 



After this time, the mixture was cooled to room 
temperature and the cooled mixture was partitioned 
between ether (500 ml) and water (100 ml). The 
aqueous layer was further extracted with 300 ml of 
ether, the ether solutions combined and washed 
successively with 200 ml of water, two 200-ml 
portions of 2K hydrochloric acid, and 100 ml of 
brine, and finally dried over anhydrous magnesium 
sulfate. 

The ether was removed, and the residue was 
distilled (bp 115-120 W C, 0.2 mm Hg) to provide 
36.7 g (165 mmol, 58% of l-( 4-fluorophenyl )-5- 
methyl-l,4-hexanedione which solidified upon 
standing. 

Alternate Step A: Preparation of l-(4-f luorophenyl ) - 

5-aethyl-l, 4-hexanedione. 
Isopropyl vinyl ketone (1.97 g, 20 mmol), 
prepared from isobutyryl chloride and vinyl trimethyl- 
silane in accordance with the method detailed in 
Te t. Letters , (1979), 1995 r was mixed with 4-fluoro- 
benzaldehyde (2.4 g, 20 mmol), 2 ml (14 nunol) of 
triethylamine, and 1.0 g (4.0 mmol) of 2-(2-hydroxy- 
ethyl )-3-methyl-4-benzyl thiazolium chloride. The 
mixture was stirred and heated under nitrogen for 
five hours.. After cooling to room temperature, 
the mixture was partitioned between ether (200 ml) 
and water (SO ml). The water layer was extracted 
with 200 ml of ether and the ether solutions were 
combined. The combined ether solution was washed 
successively with 50 ml of water, two 50-ml portions 
of 2M hydrochloric acid, and 50 ml of brine. The 
ether solution was dried over anhydrous magnesium - 
sulfate. After removal of the ether, the remaining 
liquid was flash chroma tog raphed on silica gel 



•luting with 26:1 (volume/volume) hexane-ethyj Paclfete 5 .* 
Thi« procedure afforded 2.59 9 of pure 1- (4-f luoro- 
phenyl)-5-methyl-l,4-hexanedione, up 47-49°C. 

5 Step B: Preparation of 2-l2-t2-(4-fluorophenyl)- 

5-(l-methylethyl)-5-methyl-lH-pyrrol-l-yl)]- 
1-cyanoe thane. 

A solution of l-(4-fluorophenyl)-5-methyl-l,4- 
hexanedione (36.5 g, 164 mmol), 3-aminopripionitrile 

16 .1/2 fumarate (23.19, 180.4 mmol), and p-toluenesul- 
fonic acid (0.1 9) in 250 ml of glacial acetic acid was 
stirred and heated under reflux under nitrogen for six 
hours. After cooling to room temperature, the mixture 
was poured into 500 ml of ice-water and the water 

15 suspension which resulted was extracted with two 600-ml 
portions of ether. The combined ether extract was washed 
successively with rwo 200-ml portions of water, three 
200-ml portions of sodium bicarbonate, and a 200-ml 
portion of brine and then dried over anhydrous magnesium 

20 sulfate. 

The ether was removed, and the liquid which remained 
was flash chromatographed on silica gel, eluting with 
10:1 (volume/volume) hexane-ethyl acetate to yield 34.8 g 
of oily 2-[2-l2-(4-£luorophenyl)-5-(l-methylethyl)-lH- 
25 pyrrol-l-yl] ] -1-cyanoethane which solidified upon 
standing. 

Reerystallization from isopropyl ether provided 
analytical material of melting point 78-80°C. 
Anal. Calcd. for C 16 H 1? FN 2 : 
3e C, 74.97%, H, 6.69%; N, 10.93% 

Found: C, 75.18%; H, 6.64%; N, 10.93%. 
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Step C: Preparation of 3- t2-[2- (4-f luorophenyl)-5- 

(l-methylethyl)-lH-pyrrol-l-yl) )-l-propanal • 
To a stirred solution of 2- [2-[2-(4-f luorophenyl)- 
5-(l-methylethyl)-lH^pyrrol-l-yl]]-l-cyanoethane (34.8 g, 

5 135.8 mmol) in 300 ml of dichloromethane at ambient 
temperature under nitrogen was added dropwise over 30 
minutes 156.2 ml of a 1.0 M solution of dlisobutyl- 
aluminum (*DiBAL* ) in dichloromethane. The resulting 
mixture was stirred for three hours, after which another 

10 20 ml of 1.0 M D1BAL solution was added. The mixture was 
stirred overnight at room temperature, after which the 
excess hydrode was destroyed by cautious addition of 
methanol. When gas evolution had ceased, the solution 
was carefully poured into 500 ml of vigorously stirred 

15 ice-cold 2 M hydrochloric acid. 

The emulsion which resulted was extracted with two 
500-ml portions of ether and the combined ether extracts 
were washed successively with 100 ml of water, two 100-ml 
portions of sodium bicarbonate solution, and 100 ml of 

20 brine, and then dried over anhydrous magnesium sulfate. 
The ether was removed and the residue was flash 
chromatographed over silica gel, eluting with 10:1 
(volume/volume) hexane-ethyl acetate, yielding pure 
3- [2- [2- (4-f luorophenyl) -5- (1-methylethyl) -lH-pyr rol- 

25 1-yl) ]-l-propanal . 



Step D: Preparation of methyl 7-[2-[2-(4-fluorophenyl)- 
-5- ( 1-methylethyl ) -IH-pyr rol-l-yl ] ] -5-hydroxy- 
3-oxo-heptanoate . 

30 To a stirred suspension of 2.17 g (90.6 mmol) of hexane- 
washed sodium hydride in 200 ml of anhydrous tetrahydro- 
furan, cooled to f°C under nitrogen, was added dropwise 
over a period of 30 minutes a solution of 8.9 ml (82.4 
mmol) of methyl acetoacetate in 150 ml of anhydrous 

35 tetrahydrof uran. When gas evolution had ceased, 39.3 ml 
of a 2.1 M solution of n-butyl lithium in hexane was 
added dropwise. The resulting solution was stirred for 
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30 minutes after which a solution of 19.4 g (14.9 mnol) 
of 3-t2-t2-(4-fluorophenyl)-5-(l-methylethyl)-lH-pyrrol- 
1-yl] ]-l-propanal in 150 ml of anhydrous tetrahydrof uran 
was added dropwise over a period of 30 minutes* The 

5 solution was stirred for an additional hour before 
quenching the raction by the addition of 100 ml of 
saturated aqueous ammonium chloride solution, followed by 
100 ml of 2 M hydrochloric acid solution. 

The resulting mixture was partitioned between ether 

10 (S00 ml) and water (100 ml). The water layer was 

separated and extracted with 300 ml of ether. The ether 
extracts were combined and washed with 50 ml of brine and 
then dried over anhydrous magnesium sulfate. The ether 
was removed and the residue was flash chroma tographed on 

15 silica gel, eluting with 5:1 (volume/volume) hexane-ethyl 
acetate to yield 19.9 g (641) of methyl 
7-[2-l2- (4-f luorophenyl) —5- (1-methylethyl) -lR-pyrrol- 
1-yl ] ) -5-hydr oxy-3-oxo-heptanoate . 

20 Step E: Preparation of trans -6- [2- [2- (4-f luorophenyl ) - 
5- ( 1-me thy 1 ethyl ) -lH-pyrrol -1-yl ) e thyl ) tetra- 
hydro-4-hydroxy-2H-pyran-2-one . 
Thirty ml of air (syringe) were bubbled through a 
solution of 58 ml of a 1 M solution of t r ibutylborane in 
25 tetrahydrof uran containing 19.9 g (53 mmol) of methyl 
7- [2- [2- (4-f luorophenyl ) --5- (1-methylethyl ) -IH-pyrrol- 
1-yl) ] -5-hydr ox y-3-oxo-heptanoate under 
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nitrogen at room temperature. The solution was then 
stirred for 18 hours at room temperature and then 
cooled to -76 f C. Sodium borohydride (2.27 g, 60 amol) 
was then added in one portion* The mixture was 
5 stirred for 60 minutes at -78 # C and for 90 minutes 
at 0 % C. A mixture of 10 ml water and 10 ml of 
methanol was carefully added (gas evolution}* 
Sixty ml of 3M sodium hydroxide solution and 30 ml 
of 30% H 2 0 2 solution were simultaneously added 
10 to the mixture from separation dropping funnels. The 
vigorously stirred mixture was held at 0*C for 60 
minutes and then at room temperature for two hours. 

The mixture was then partitioned between 300 ml 
of water and 300 ml of ether. The ether layer was 
15 extracted with 50 ml of 10% sodium hydroxide 
solution and the water layers were combined, 
acidified with concentrated hydrochloric acid, and 
extracted with two 500-ml portions ofethyl acetate. 
The ethyl acetate extracts were combined, washed 
20 twice with brine, and dried over anhydrous magnesium 
sulfate. Removal of the ethyl acetate yielded 12.5 g 
of an oily acid which was dissolved in 500 ml of 
toluene and heated to azeotropically remove water. 
After cooling the solution to room temperature 
25 and removing the toluene, the residue was flash 
chroma tog raphed on silica gel, eluting with 2:1 
hexane-ethyl acetate (volume/volume) to yield 11 g 
of a colorless solid. Recrystallization from 
diisopropyl ether yielded 9.5 g (52%) of trans -6- 
3 0 [2-{2-(4-fluorophenyl-5-(l-methylethyl)-lH-pyrrol- 
1-ylJ tetrahydro-4-hydroxy-2H-pyran-2-one, 
mp 104-105 # C. 

Anal. Calcd. for C20H24FNO3: 

C, 70.42; H, 7.00; N, 4.06; 
35 Found: C, 70.26; H, 7.33; N, 3.99. 
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EXAMPLE 2 

Preparation of trans-6-12- t2-(4-fluorophenyl)-5- 
methyl-lH-pyrrol-l-yl) ethyl] tetrahyd ro-4-hydroxy- 
2H-pyran-2-one 
5 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of 4-fluoro- 
ben2aldehyde and 3-bu tene-2-one for the l-(4-f luoro- 
phenyl )-2-propene-l -one and isobutyr aldehyde in 
Step A of Example 1. Thereafter, the procedure of 

10 Steps B-E were followed to produce trans -6- 12-12- 
(4-f luorophenyl ) -5-xnethyl-lH-pyr rol-l-yl 1 ethyl) 
te trahyd ro-4 -hyd roxy-2H-pyr an-2-one . 
Anal. Calcd. for Ci8 H 20 FNO 3 : 

C, 68.12; H, 6.35; N, 4.41; 

15 Found: C, 68.39; H, 6.18; N, 4.25. 

EXAMPLE 3 

Preparation of trans-6- [2- {2-cyclopropyl-5-(4- 
f luorophenyl ) -IH-pyrrol-l-yl ) ethyl ) te trahyd ro- 
4-hydroxy-2H-pyran-2-cne 

20 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of 4-fluoro- 
benzaldehyde and l-cyclopropyl-2-propene-l-one for 
the l-( 4 -f luorophenyl )-2-propene-l-one and iso- 
butyraldehyde in Step A of Example 1. Thereafter, 

25 the procedure of Steps B-E were followed to produce 
trans - 6- [2- l2-cyclopropyl-5-( 4 -f luorophenyl )-lH- 
pyrrol-l-yl] ethyl J te trahyd ro-4 -hyd roxy-2]J-pyran- 
2 -one. 

Anal. Calcd. for C20 H 22 FNO 3 : 
30 C, 69.96; H, 6.46; N, 4.08; 

Found: C, 70.02; H, 6-54; N, 4-01. 
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EXAMPLE 4 

Preparation of trans-6- I2- [2-( 1 , 1 -dimethyl ethyl )-5- 
( <-fluorophenyl)-lH>pyrrol-l-yl1 ethyl ]tetrahydro> 
4 -byd roxy-2H-pyr an- 2 -one 
5 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of .4-fluoro- 
benzaldehyde and t-butyl vinyl ketone for the l-(4- 
f luorophenyl } -2-propene-l-one and isobutyraldehyde 
in Step A of Example 1. Thereafter, the procedure 

10 of Steps B-E were followed to produce trans-6-12- 
[2-(l, 1 -dimethyl ethyl )-5-(4-f luorophenyl )-lH- 
pyrrol-l-yl] ethyl] tetrahydro-4-hydroxy-2H-pyran- 
2-one, mp 177-178 # C. 
Anal. Calcd. for C 2 iH 2 6 FN 03 : 

15 C, 70.17; H, 7.29; N, 3.90; 

Found: C, 70.22; H, 7.50; N, 3.80. 

EXAMPLE 5 

Preparation of trans-6-I2-(5-phenyl-2-methyl)-lH- 
pyrrol-l-yl] ethyl] tetrahydro-4-hydroxy-2H-pyran-2-one 

20 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of benzaldehyde 
and 3-butene-2-one for the l-( 4 -f luorophenyl )-2-pro- 
pene-l-one and isobutyraldehyde in Step A of 
Example 1. Thereafter, the procedure of Steps B-E 

2 5 were followed to produce trans -6- [2-( 5-phenyl-2- 
me thyl ) - lH-pyr rol- 1 -yl ] e thyl ] te t r ahyd ro- 4 -hyd r oxy- 
2B-pyran2-one, mp 95-96*C. 
Anal. Calcd. for C19H23NO4: 

C, 69.28; H, 7.04; N, 4.25; 

30 Found: C, 68.93; B, 7.00; N, 4.10. 
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EXAMPLE 6 

Preparation of trans-te trahydro-4-hydroxy-6- I2- I2- 
(2-methoxyphenyl )-S-ir.ethyl-lH-pyrrol-l-yl] ethyl)- 
2H-:pyran-2-one 
5 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of 2-methoxy- 
benzaldehyde and methyl vinyl ketone for the 4- 
(fluorobenzaldehyde and isopropyl vinyl ketone in 
Alternate Step A of Example 1. Thereafter, the 

10 procedure of Steps B-E were followed to produce 
trans -tetrahydro-4-hydroxy-6-[2-I2-(2-methoxy- 
phenyl )-5~me thyl - IE- pyr rol - 1 -yl J ethyl 1- 2H- py r an- 2 - 
one, mp 112. 5-113. 5 # C. 
Anal. Calcd. for CijdJ^NC^: 

15 C, 69-28; H, 7.04; N, 4.25; 

Found: C, 69.04; H, 7.22; N, 4.17. 

EXAMPLE 7 

Preparation of trans-tetrahydro-4-hydroxy-6- 12- [2- 
(4-methoxyphenyl ) -5-me thyl-lH-pyrrol-l-yl ] ethyl]- 

20 2H-pyran-2-one 

The procedure of Example 1 was employed with the 
substitution of equimolar amounts of 4-methoxybenz- 
aldehyde and 3-bu tene-2-one for the l-(4-fluoro- 
phenyl)-2-propene-l-one and isobutyraldehyde in 

2 5 Step A of Example 1. Thereafter, the procedure 

of Steps B-E were followed to produce trans -tetra- 
hydro-4-hydroxy-6-[2-[2-(4-nethoxyphenyl)-5-methyl- 
lH-pyrrol-l-yl]ethyl)-2H-pyran-2-one, mp 95-95*C. 
Anal. Calcd. for C19H23NO4: 

30 C, 69.28; H, 7.04; N, 4.25; 

Found: C # 68.93; B, 7.00; N, 4.10. 
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Preparation of trans-6-t2-(2-cyclohexyl-S-methyl-lH- 
pyrrol-l-yl )cthyll tetrahyd ro-4-hydroxy-2H-pyran-2-one 
The procedure of Example 1 was employed with the 
S substitution of equimolar amounts of cyclohexane- 
carboxaldehyde and 3-butene-2-one for the l-{4- 
f luorophenyl)-2-propene-l-one and isobutyraldehyde 
in Step A of Example 1. Thereafter, the procedure 
of Steps B-E were followed to produce trans -6-12- 
10 (2-cyclohexyl-5-methyl-lH-pyrrol-l-yl) ethyl] tetra- 
hydro-4-hydroxy-2H-pyran-2-one, »p 129-130 # C. 
Anal. Calcd. for C15H27NO3: 

C, 70.79; H, 8.91; N, 4.59? 
Found: C, 71.11; H, 8.71; N, 4.47, 

15 EXAMPLE 9 

Preparation of trans-tetrahydro-4-hydroxy- 6- {2- [2- 
methyl-5- l3-( tr ifluororaethyl ) phenyl ) -lH-pyrrol-1- 
yl) ethyl ] -2H-pyran-2-one 

The procedure of Example 1 was employed with 
20 the substitution of equimolar amounts of 3-( tr if luoro- 
methyljbenzaldehyde and 3-butene-2-one for the l-(4- 
fluorophenyl)-2-propene-l-one ad isobutyraldehyde 
in Step A of Example 1. Thereafter, the procedure 
of Steps B-E were followed to produce trans -te tra- 
2 5 hydro-4-hydroxy-6-l2-I2-methyl-5-[3-{trifluoro- 
. methyl ) phenyl ] -lH-pyrrol-1-yl J ethyl] -2H-pyr any- 
one. 

Anal. Calcd. for C29H20F3NO3: 

C, 62.12; H r 5.49; N, 3.81; 
30 Found: C, 62.22; B, 5.61; N, 3.73. 
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Preparati on of tram-6- f2-12-< 11 , l'-biphenyll -4-vl )- 

S-Methvl- lH-pyrrol-l-yDtthvl) tetrahydro-4-hvdroxy- 
2B-pyran-2-one 

The procedure of Example 1 was employed with 

the substitution of equimolar amounts of 4-phenyl- 

benialdehyde and 3-butene-2-one for the l-(4-fluoro- 

phenyl)-2-propene-l-one and isobutyr aldehyde in 

Step A of Example 1. Thereafter, the procedure 

of Steps B-E were followed to produce trans -6-12- 

l2-{ Il»l , -biphenylJ-4-yl)-5-methyl-lH-pyrrol-l-ylJ 

•thyl)tetrahydro-4-hydroxy-2H-pyran-2-one, 
sip 104-107»C. 

Anal. Calcd. for C24H 25 N0 3 : 

C, 76.77; H, 6.71; N, 3.73; 
Found: C, 76.66; H, 6.66; N, 3.71. 



EXAMPLE 11 

Preparation of trans-tetrahydro-4-hydroxy-6- 12- 12- 

methyl-5-n-naphthalenvlWlH -pyrrol-l-vl]-2H-pyran- 
20 2 -one 

The procedure of Example 1 was employed with 
the substitution of equimolar amounts of 1-naphth- 
aldehyde and 3-butene-2-one for the l-(4-fluoro- 
phenyl)-2-propene-l-one and isobutyr aldehyde in 
25 Step A of Example 1. Thereafter, the procedure 
of Steps B-E were followed to produce trans -tetra- 
hydro-4-hydroxy-6-[2-l2-methyl-5-(l-naphthalenyl)- 
lH-pyrrol-l-yi]ethylJ-2H-pyran-2-one, mp 137-138-C. 
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Preparation of trans-tetrahydro-4-hydroxy-6-!2- 12- 
methyl-5-(2-naphthalenyl)-lB-pyrrol-l-yl)ethyl1- 
2H-pyran-2-one 
5 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of 2-naphth- 
aldehyde and 3-butene-2-one for the l-(4-fluoro- 
phenyl )-2-propene-l-one and isobutyraldehyde in 
Step A of Example 1. Thereafter, the procedure 

10 of Steps B-E were followed to produce trans - te tra- 
hydro-4-hydroxy-6-l2-l2-methyl-5-(2-naphthalenyl)- 
lH-pyrrol-l-ylJ ethyl) -2B-pyran-2-one, mp 45-50 # C. 
Anal. Calcd- for C22 H 23 N0 3 : 

C, 75.62; H, 6.63; N, 4.00; 

15 Found: C, 75.12; H, 6.88; N, 3-97* 

EXAMPLE 13 

Preparation of trans-6- t2-(bicycloI 2. 2. 1] hept-5-en- 
2-yl-5-methyl-lB-pyrrol-l-yl) ethyl] -tetrahyd ro-4- 
hydroxy-2H-pyran-2-one 

2 0 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of bicyclo 
I 2. 2. l]hept-5-ene-2-carboxaldehyde (mixture of 
diasterepmers) and 3-bu tene-2-one for the l-(4- 
f luorophenyl)-2-propene-l-one and isobutyraldehyde 
25 in Step A of Example 1. Thereafter, the procedure 
of Steps B-E were followed to produce trans -6-12- 
(2-bicyclo[2-2.1Jhept-5-en-2-yl-5-methyl-lH-pyrrol- 
l-yl)ethyl) te trahydro-4'-hydroxy-2B-pyran-2-one as 
a 1:1 mixture of the ando- and exoisomers at the 

3 0 norbornene ring, mp 125-126 # C. 

Anal. Calcd. for C19R25NO3: 

C, 72.35; H, 7.99; K, 4.44; 
Found: C, 72.11; B, 8.02; N, 4.32. 
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Preparation of trans-6-|2- l2-(diphenylir,ethyl )-S- 
methyl-lH-pyrrol-l-yllethyl) tetrahydro-4-hydroxy- 
2H^pyran-2-one 
5 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of diphenyl- 
acetaldehyde and 3-butene-2-one for the l-(4-fluoro- 
phenyl)-2-propene-l-one and isobutyraldehyde in 
Step A of Example 1* Thereafter, the procedure 

10 of Steps B-E were followed to produce trans - 6-12- 
[2-diphenylroethyl)-5-oethyl-lH-pyrrol-l-yl]ethylJ 
tetrahydro-4-hydroxy-2H-pyran-2-one, mp 129-1 32 # C. 
Anal. Calcd. for C25H27NO3: 

C r 77.07; H, 6.99; N, 3.60; 

15 Found: C, 76.85; H, 7.14; N, 3.45. 



EXAMPLE 15 

Preparation of trans-6- [2- [2-( 4-fluorophenyl ) -5-f 1 - 
methylethyl )-lH-pyrrol-l-yl] propyl} tetrahydro-4- 
hydroxy-2H-pyran-2-one 

2 0 The procedure of Example 1 was employed with 

the substitution in Step B of 2-aminopropanol in 
place of the ethanolamine. Thereafter, the procedure 
of Steps C-E were followed to produce trans-6- 12- 
1 2-( 4 -f luorophenyl ) -5-( 1-me thyl ethyl ) -iH-pyr rol-1- 

25 ylj propyl 1 te tr ahyd ro- 4 -hyd roxy-2H-pyr an- 2-one , 
mp 167-169*C. 

Anal. Calcd. for C 2 iH 2 6FN0 3 : 

C, 70.17; H, 7.29; N, 3.90; 
Found: C, 70.06; H, 7.36; N, 3.82. 
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EXAMPLE 16 

Preparation of trans-tetrahydro-4-hydroxy-6- t3M2- 
(2-methoxyphenyl)-5-(l-methyIethyl )-lH-pyrrol-l- 
ylrethyl1-2H-pyran-2-one 
5 The procedure of Example 1 was employed with 

the substitution of equlmolar amounts of 2-roethoxy- 
benzaldehyde and 3-butene-2-one for the l-(4-fluoro- 
phenyl ) -2-propene-l-one and isobutyr aldehyde in Step A 
of Example 1. Thereafter, the procedure of Steps B-E 
10 were followed to produce trans- tetrahyd ro-4-hyd roxy- 
6-2-l2-(2-methoxyphenyl)-5-{l-methylethyl)-lR-pyrrol- 
1-yl-ethyl] -2£-pyran-2-one. 
Anal. Calcd. for C2iH27 N 03* 

C, 70.56; H, 7.61; N, 3.92; 
15 Found: C, 70.43; H, 7.66; N, 3.73. 
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EXAMPLE 17 
Method 1 

Step A: Preparation of 6-t2-J2-(4-f luorophenyl)-5(l- 
methylethyl)-lH-pyrrol-l-yl Jethyl Jtetrahydro- 
4-^ert-butyl dimethyls llyloxy-. tr ans -2H-pyr an- 
2 -one. 

To a solution of 6-l2-U-(4-fluorophenyl)-5-(l- 
methylethyl)-lH-pyrrol-l-yl] ethyl )-tetrahydr o-4- 
hydroxy- trans -2H-pyran-2-one (0.52 g f 1.5 mmoles) and 
ter t -butyl dimethyl chloro ailane (0.27 g t 1.8 tnmoles) in 
5 ml of dry DMF was added imidazole (0.31 g t 4.5 mmoles) 
in one portion. The solution was stirred overnight at 
room temperature before partitioning between hexane 
(100 ml) and water (50 ml). The aqueous layer was 
extracted with two 50 ml portions of hexane. The combined 
hexane extracts were washed with R2O (2 x 25 ml), brine 
(25 ml) f and dried (MgSo4) Filtration through silica 
gel and concentration provided 0. 7 g (100Z) of the title 
compound. 90 MH 2 NMR (CDCI3) 6 °- 10 < s » 6H >» °- 9 0 
(S f 9H) f 1.30 (d, J-Hz 6H) f 1.4-1.8 (m, 4H), 2.48 (m f 2H) t 
2.95 (m, 1H), 3.9-4.3 (m, 3H), 5.85 (d f J«2HzlH), 6.02 
(d, J-2Hz, lH) f 6.8-7.3 (m f 4H). 

Step B: Preparation of 6-[2-[2-(4-f luorophenyl) -3, 4- 

dichloro-5-(l-methylethyl)-lH-pyrrol-l-yl]ethyl ] 
tetrahydro-4-hydroxy- trans -2H-pvran-2-one. 
N-Chlorosuccinlmide (6.48 mmoles, 0.87 g) was added 
in one portion to a stirred solution of 6-[2-[2-(4- 
f luorophenyl)-5-(l-methylethyl)-lH-pyrrol-l-yl]cthyl] 
tetrahydro-4-ter^-butyldImethylsilyloxy -trans- 2H-pyran- 
2 -one (1.49 3.24 mmoles) in dry DMF (10 ml) cooled to 
0*C under dry nitrogen. The solution was stirred for 
one hour at 0 # C then warmed to room temperature for 
three hours. It was then diluted with water (50 ml) and 
extracted with ether (2 x 1000 ml). The ether extracts 
were diluted with 100 ml of hexane and washed with water 



DQM-3 m **' 0179550 

(JO ml), 101 aq. N»HC03 (50 nl), 10% aq. NaHS03 (50 b1), 
brine (50 b1), and dried (MgSO*). The crude product 
which remained aftar filtration end concentration was 
dissolved In tatrahydrof oran (15 b1) and treatad with 
5 glacial acetic acid (0.75 bI, 13 Baolee) and tetra- 
butyl ammonium fluoride (9.72 al of 1 M THF aolutlon). 
The aolution was stirred for five hours, diluted with 
ethyl acetate (100 ml) and washed with saturated aq. 
RaHC03 (2 x 50 ml), brine (25 ml), and dried (MgSO*). 

10 The residue which re-aained after filtration and 

concentration was flash chrotnatographed on silica sel 
eluting with 2:1 hexane-ethyl acetate. This provided 
0.50 g (351) of pure lactone. Recrystalllzat Ion from 
ether-hexane provided colorless crystals mp 129-131*C. 

15 Anal. Calcd. for C20H22 FCL 2 NO 3 ! 

C, 57.98; H, 5.35; N, 3.38; 

Found: C, 58.24; H, 5.24; N, 3.39. 

IR (KBr) v 3550, 2990, 1711, 1518, 12225, 1160, 1055, 

851, 816 cm" 1 200 MHz NMR (CDCL3) « 1.44 (d, J-7Hz ,6H) , 
20 1.8 (m, 4H), 2.12 (d, J-3Hz, 1H.-0H), 2.55 (m, 2H), 3.10 

(H, 1H), 4.0 (M, 2H), 4.30 (M, 1H) , 4.45 (M, 1H), 7.0-7.4 

(M, 4H). 

Method 2 

Step A: Preparation of 2-(4-fluorophenyl)-5-(l-n>ethyl- 
25 ethyl)-3,4-dlchloro-lH-pyrrole-l-propanenitrile. 

N-Chlorosuccinlnlde (practical, 105 g, 786. 5 irenoles) 
was added In one portion to a stirred solution of 2-(4- 
f luorophenyl)-5-(l-»ethylethyl)-lH-pyrrole-l-prooanenItrile 
30 (84 g, 327.7 tmnoles) in 500 ml of dry dimethyl formamlde 
cooled to 0*C under nitrogen. After stirring for 
60 minutes at 0*C and 90 minutes at 25*C, a further 8 g 
(60 moles) of H-chlorosuccininide were added. The solution 
was stirred a further 60 minutes before pouring into 
35 ether (3 liters) and washing with H2O (3 x 500 ml), 

101 aq. NaHS03 (300 ml), H2O (300 ml), brine, and dried 
(MgS04). Flash chromatography on silica gel eluting with 
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10:1 hexane-ethyl acetate provided an oil which solid- 
fied on standinE. Recrystall Izat ion from isopropyl 
ether-hexane provided 96 r of colorless crystals mp 
80-'82*C. 

Anal. Calcd. for C16H15CL2FN2: 

C, 59.09; H, 4.65; H, 8.61; 
Found: C, 59.01; H, 4. 56; N, 8.59. 

1R (KBr ) 2933, 2249, 1520, 1490, 1344, 1315, 1218, 848, 
524 cm-l. 100 MHz NMR (CDC1 3 ) 6 1.42 (d, J-7Hz, 
6H), 2.33 (t, J-7Hz, 2H) , 3.0 (sptet, J-7Hz, 1H) , 
4.05 (t, J-7Hz, 2H), 70-74 (M, 4H). 

Employing the product of this step In the 
process described above in Step C of Example 1, 
provided 6- [2- [2 - (4 -f luorophenyl)-3, 4-d Ichloro-5- 
(1 -me thylethyl)-lH-pvrrol-l-yl] -ethyl ltetrahydro-4- 
hydroxy - tr ans -2H-pyran-2-one. 

EXAMPLE 18 

Preparation of 6- f 2- [2-(4-f luorophenyl) -3, 4 dibroTio- 

5-(l-aethvlethyl)- lM-pvrrol-l-vl}ethvlltetrahvdro-4- 
hydroxy-trans-2H-pvran-2-one. 

Substitution of N-Bromosucc Inimide for N-Chloro- 
succinimide in Step B of Method 1, Example 17 provided 
a corresponding amount of the title compound mp 143'C. 
Anal. Calcd. for C20 H 22 FBr 2 N0 3 : 

C, 47.74; H, 4.41; N, 2.78; Br, 31.76; F, 3.77. 
Found: C, 47.52; H, 4.34; N, 2.84. Br, 31.75; F, 3.72. 
IR (KBr) 3350, 2966, 1711, 1510, 1484, 1225, 1072, 847, 
820 caT 1 . 200 MHz NMR (CDCI3) 6 1.40 (d, J-7Hz, 6H), 
1.5-1.8 (m, 41t), 1.94 (brs, 1H.-0H), 2.58 (m, 2fl) , 3.13 
(», 1H), 4.0 (m, 2H), 4.31 (m,' 1H), 4.47 (0, 1H), 7.0- 
7.3 (m, 4H). 
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EXAMPLE 19 

Step At Preparation of ethyl-2(l-(l-oxo-2, 2, 2-tr if luoro- 
ethyl ) )-4-oxo-4-(4-fluorophenyl )-butyrate 
A Bolution of ethyl 1, 1, 1,-tr if luoroacetoacetate 
(14.6 ml, (hi mole) in dry WF (100 ml) was added drop- 
wise to a 0*C suspension of hexane washed sodiisn hydride 
(0.106 mole) in 50 ml of dry WF under nitrogen. When 
gas evolution was complete, a solution of a-bromo-4*- 
f luoroacetophenone (0.1 mole,) prepared as in J. Org. Chem. 
29, 3459 (1964)) in 100 ml of dry EMF was added dropwise 
over 30 minutes. The mixture was allowed to warm slowly 
to 25*C overnight. It was then quenched by addition of 
6 N HC1, poured into H 2 0 (1 liter) and extracted with 
ether (2 x 500 ml). The combined ether extracts were 
washed with H2O (2 x 100 ml), brine (100 ml), and dried 
(HgS04). Flash chromatography on silica gel eluting 
with 5:1 hexane-ethylacetate provided 7 g of the title 
compound. IR (film) 3380, 1768, 1744, 1688, 1601, 1511, 
1413, 1293, 1263, 1238, 1212, 1160, 1100, 1004, 841 cm" 1 . 
200 KHz NMR (CDCI3) 6 1.29 (t, J«7Hz , 3H), 3.75 
(m,2H), 4.26 (q r J=7Hz,2R), 4.55 (dd, J«4.7, 9.6Hz, 
1H), 7.21 (m, 2H), 8.02 (in, 2R) 

Step B: Preparation of 2-(4-fluorophenyl ) -5-tr if luoro- 
methyl-lH-pyrrole-l-propanenitr ile. 
A solution of ethyl-2-(l-(l-oxo-2 , 2 ,2-trif luoro- 
ethyl) )-4-oxo~4-(4-fluorophenyl)-butyrate (5 g, 
15.6 mmoles) in 110 ml of 5:5:1 acetic acid-water 
-cone, sulfuric acid was stirred and heated at reflux for 
four hours. The cooled solution was carefully poured 
into 400 ml of saturated aq. bicarbonate which was then 
extracted with ether (2 x 300 ml) . The combined ether 
extracts were washed with saturated aq. bicarbonate 
(2 x 50 ml), brine (50 ml), and dried (MgSO*). The crude 
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dike tone which remained after filtration and concen- 
tration (3 g) was dissolved in 20 ml of glacal acetic 
acid and 2 g (18 mmoles) of 3-aminopropanenitr ile- 
1/2-fumarate were added. The solution was stirred and 
5 heated at reflux for five hours. The cooled solution 
was poured into 200 ml of saturated ag. bicarbonate 
and extracted with ether (2 x 200 ml). The combined 
ether extracts were washed with H2O (2 x 50 ml) , brine 
(50 ml), and dried (MgSO^. Flash chromatography of the 

10 residue which remained after filtration and concentration 
provided 1.2 g (27%) of the title compound. 
IR (CDCI3) 2258, 1611, 1570, 1478, 1337, 1172, 1106, 
1064, 844 on" 1 . 200 MHz WR (CDCL3) 6 2.51 (t, 
J«7.3Hz, 2H), 4.30 (t, J«7Hz,2H), 6.16 (d, J«3.8Hz, 

15 1H), 6.67 (d, J«3.8Hz, 1R), 7.1-7.5 (ro, 4H). Mass 
spectrum M/e 282, 263, 242, 229, 173. 

Preparation of 6-12- [2-trif luoromethyl] -5-(4-f luorophenyl )- 
IH-pyrrol-l-yl] ethyl) tetrahydro-4-hydroxy-trans-2R-pyran- 
2 -one. 

20 Substitution of 2-(4-fluorophenyl )-5-tr ifl uoromethyl 

-lB-pyrrole-1-propanenitrile for 2-{4-f luorophenyl ) -3, 4- 
d ichloro-5-(l-methylethyl)-lH,-pyrrole-l-propanenitrile 
in Step C of Example 1 and following the procedures of 
Step C, D, and E resulted in a corresponding amount of 

25 the title compound as an oil. < 
Anal. Calcd. for Ci8 H 17 F 4 N0 3 : 

C, 58.22; H, 4.61; N, 3.77. 
Found: C, 58.88; H, 5.07; K, 4.03. 

30 IR (film) 3440, 2927, 1728, 156 , 1477, 1342, 1266, 1230, 
1160, 1101, 1060, 843, 782 caT 1 . 200 MHz NMR 
(CDCI3) 6 1.3-2.1 (m, 4H), 2.34 (brs, 1H,-0H), 2.55 
(b, 2H), 3.9-4.3 (n, 3H), 4.52 (*, 1H), 6.11 (d, J«3.8Hz, 
1H), 6.61 (dd, J-0.8, 3.8Hz, 1H), 7.0-7.4 (», 4H). 
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EXAMPLE 20 



Preparation off* )-N-{4-fluorobenzoyl)-N-[2-{2-ethyl) 
-1, 3-d ioxoj anyl 1 val ins . 
5 A solution of the methyl-2-bromo-3-methyl butyrate 

(4.6 9, 23.6 mmoles) , 2-(l-(2-aminoethyl ) )-l, 3~dioxolane 
(2.93 g, 25 mmoles) and trlethyl amine (3.5 ml, 25 moles) 
was stirred and heated in 25 ml of refluxing acetonitrile 
for 20 hours. The cooled solution was poured into ether 

10 (500 ml) and extracted 2M KC1 (2 x 50 ml). The aqueous 
layer was made alkaline with 25% aq. NaOH and extracted 
with ethyl acetate (2 x 100 ml). The combined ethyl 
acetate extracts were washed with brine and dried (KgS04). 
Filtration and concentration provided 3 g of the title 

15 compound as liquid. 90 MHz NMR (CDCI3) 6 0.9.3 

(d, J«7Hz, 6H), 1.70 (brs, 1R,-NH), 1.86 (m, 2H), 2.60 
(m, 3R) 2.94 (d, J»6Hz, 1H), 3.68 (s, 3H). 3.85 <m, 4H), 
4.89 (t, J-4Hz, 1H). 

Preparation of s-Me thyl-N-(4-fluorobenzoyl)-N- [2-(2- 

20 ethyl)-l,3 dioxolanyl ] val ine. 

To a stirred solution of Methyl-N- [2-(2-ethyl)-l, 
3-dioxolanyl] val ine (3 g, 13 mmoles) and tr iethylamine 
(3.6 ml, 26 mmoles) in 20 ml of dichloromethene (CB2CL2 ) 
cooled to 0 # C was added a solution of 4-fluorobenzoyl 

25 chloride (1.65 ml, 14 mmoles) in 10 ml of (CH2CL2). 

The solution was stirred 60 minutes at 0*C and 60 minutes 
at room temperature. It was then poured into ether and 
washed with water, saturated aq. bicarbonate, brine, and 

30 dried (MgS04). Flash chromotography on silica gel 

eluting with 1:1 he x an e- ethyl acetate provided 3 g of 
the title compound. 90 KHz NMR (CDCI3) * 0.90, 
(brd, J«7Hz, 6H), 1.8*2.5 (a, 3H), 3.45 (br, dd, J«6, 
8Hz, 1H), 3.72 (s, 3R), 3.80 (», 6H), 4.80 (m, 1H), 

35 6.9*7.5 (», 4H). 
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Preparation of 2-W-(4-fluorobenzoyl)-N-l2-(2-ethyl) 
-1, 3-dioxolyanyl] val ine. 

A solution of the methyl ester prepared above 
(1-g, 2.83 mmoles) and NaOH (0.4 9, 10 nunoles) in 10 ml 
5 of 4:1 CH3OH-H-2O w " stirred and heated at reflux for 
three hours. The cooled solution was diluted with water 
and extracted with ether. The aqueous layer was acidified 
with 6M HC1 and extracted with ethyl acetate. (2x). The 
combined ethyl acetate extracts were washed with brine 

10 and dried (MgSO^. Filtration and concentration pro- 
vieded 0.96 g (2.8 iranoles) of acid. 90MHz NMR 
(CDCI3) 6 0.85 (m, 6H>, 1.8 (m, 2H) r 2.5 (m, 1H) 
3.3-3.9 (in f 7H), 4.6 (m, 1H) 6.8-7.4 (m, 4R). 

15 Preparation of d imethyl-1- 12-( 2 ethyl)-l, 3-dioxolanyl] 
dioxolanyl] -2-(4-fluorophenyl)-5-(l-roethyl-ethyl)-lH 
-pyrrole-3, 4-dicarboxylate 

Dimethyl acetylene dicarboxyl ate (1.3 ml, 10.6 mmoles) 
was added to a 25°C solution of ( + }-N-(4-fluorobenzoyl )- 

20 N-l2-(2-ethyl)-l, 3-dioxolanyl J val ine (1.8 g, 5.28 mmoles) 
dissolved in 10 ml of acetic anhydride. The evolution 
of carbon dioxide began immediately. The solution was 
stirred a further two hours, concentrated to remove 
excess acetylene and solvent, then filtered through 

25 silica gel. This provided 2 g of pyrrole as a solid 
which was recrystall ized from isopropyl ether-hexane 
»p 143-146 # C. 

Anal. Calcd. for C22 R 26 FN0 6 
30 C r 62.55? H, 6.20; N, 3.31. 

Found: C, 62.84; H # 6.23; N, 3.30. 

IR (KBr) 1719, 1449, 1241, 1209, 1178 r 945 caT 1 . 

200 MHz IWR (CCCI3 ) 6 1.35 (d, J-7HZ , 6R ) , 1.80 (*, 2H>, 

3.18 (Septet, J«7Hz , IB), 3.56 (a, 3H), 1H), 3.7-4.0 
35 6H), 3.83 (S, 3H), 4.64 (t, J-4H2, 1H), 7-7.3. (», 4R). 
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Preparation of Dimethyl-l-(l-(3-oxopropyl ) )-2-(4- 
f luorophenyl)-5-(l-methye thyl)-lH-pyrrole-3. 4- 
dicarboxylate 

' A solution of dimethyl-l-l2-(2-ethyl)-l,3- 
5 dioxolanyl)-2-(4-fluorophenyl)-5-(l-methylethyl)-lR- 
pryrrole-3, 4-dicarboxylate (0*5 g, 1.18 ramoles) and p- 
toluenesulfonic acid (0.23 g, 1.2 mmoles) in 12 ml of 
5:1 acetone-water was stirred and heated at reflux for 
48 hours. The cooled solution was concentrated, diluted 

10 with ether (200 ml), washed with saturated aq. bicar- 
bonate (2 x 50 ml), brine (50 ml), and dried (MgSC>4). 
Flash chromatography on silica gel eluting with 4:1 
hexane-ethyl acetate provided 0.4 g of pure aldehyde. 
90 MHz NMR (Cttl 3 ) 6 1.35 (d, J«7Hz , 6H), 2.61 (t, 

15 J«7Hz, 2H), 3.18 (septet, J*7Hz, 1H), 3.53 (8, 3H), 
3.81 (s, 3H), 4.03 (t, J«7Hz , 2H), 6.9-7.3 (M, 4H), 
9.45 (s, 1R). 

Preparation of Dimethyl-2-(4-Fluorophenyl)-5-(l- 
methyl ethyl ) -1- [2 - ( te trahyd ro-4-hyd roxy-6-oxo-2H- 

20 pyran-2-yl ) ethyl 1 -iH-pyr role-3 , 4-d icarboxylate . 

Substituion of dvmethyl-l(l-(3-oxopropyl) )-2- 
( 4-fluorophenyl )-5-(l -methyl ethyl )-lH-pyrrole-3, 4- 
dicarboxylate for 2-(4-fluorophenyl) -5- {1 -methyl ethyl )- 
lB-pyrrole-1-propanal in Step C of Example 1 and 

25 following the procedures of Steps C, D, and E provided 
a corresponding amount of the title compound mp 167- 
170 # C. Anal. Calcd. for C24H28 FN 07 
C, 62.47; H, 6.12* N, 3.04. 

30 Found: C, 62.32; H, 5.87? N, 2.99. 

IR (KBr) 2450, 2980, 1719, 1499, 1225, 1174,1074, 
811 cnT 1 . 200 MHz NiR (CDCI3) 6 1.34 <d, J«7Hz , 
6H), 1.57 (m, 4H), 2.40 (d, J-3Hz , 1H), 2.56 (*, 2H), 
3.16 (septet, J»7Hz, 1H), 3.55 (s, 3H), 3.83 (s, 3H), 

35 4*0 (m, 2H), 4.26 (m, 1H), 4.44 (m, 1H), 4.44 (fc, 1H), 
7.1-7.3 (m f 4H). 
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1. A compound having the structural formula it 

H OH 



10 



15 



35 




wherein X is 

-CH 2 CH 2 - r or 
-CH(CH 3 )CH 2 -; 



is 



1- naphthyl , 

2- naphthyl, 
cyclohexyl, 

20 norbornenyl, 

phenyl , 

phenyl substituted by 
fluorine , 
chlorine, 
25 hydroxy, 

trif luoromethyl , 

alkyl of from one to four carbon atoms, 
alkoxy of from one to four carbon atoms, or 
alkanoyloxy of from two to eight carbon 
30 atoms, 

2-, 3-, or 4-pyridlnyl, 

2-, 3-, or 4-pyridinyl-tt-oxide, or 



-o 
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where R & is alkyl of from one to four 
carbon atoms and hal" is chloride , 
bromide, or iodide; 
and Rj are independently 
hydrogen, 
chlorine, 
bromine, . 
cyano, 

trifluoromethyl, 
phenyl, 

alkyl of from one to four carbon atoms, 
carboalkoxy of from two to eight carbon atoms, 
-CHjORg where R g is 
hydrogen, 

alkanoyl of from one to six carbon atoms, 
-CH 2 OCONHR 7 where R ? is 

alkyl of from one to six carbon atoms, 
phenyl, 

phenyl substituted with 
chlorine, 
bromine, or 

alkyl of from one to four carbon 
atoms; 

or when taken together with the carbon atoms to 
which they are .attached, R 2 and Rj form a 
ring denoted by 




where n is three or four. 



a ring denoted by 



a ring denoted by 
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o 




where R g is 
hydrogen, 

alkyl of from one to six carbon 
. atoms, 
phenyl, or 
benzyl; 

or a ring denoted by 

O 



alkyl of from one to four carbon atoms, 
cyclopropyl, 
cyclobutyl, or 
trif luoromethyl; 




where Rg and are 
hydrogen, 

alkyl of from one to four carbon 



atoms, or 
benzyl; 



R - is 



or a corresponding lactone ring-opened dihydroxy 
acid derived therefrom, or a pharmaceutical^ 
acceptable salt thereof. 
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A compound in accordance with Claim 1, wherein 



R^ is as defined In Claim 1; 

R 2 and Rj are independently 
hydrogen, 
chlorine, or 
bromine; and 

R 4 is as defined in Claim 1. 

A compound in accordance with Claim 1 wherein 



-CH 2 CR 2 -; 

R 2 is 

phenyl , 

phenyl substituted by 
fluorine, 
chlorine, 
hydroxy, 

trif luoromethyl, 

alkyl of from one to four carbon atoms, 
alkoxy of from one to four carbon atoms, 
alkanoyloxy of from two to eight carbon 
atoms, 
2-, 3-, or 4-pyridinyl, 
2-, 3-, or 4-pyridinyl-N-oxide, or 



x is 



-CH-C1U-, 



X iS 




hal 



where R, is alkyl of from one to four 



carbon atoms and hal 
bromide, or iodide; 

R 2 and R^ are independently 
hydrogen, 
chlorine, 
bromine; and 

* 4 is 

alkyl of from one to four carbon atoms, or 
tr i floor omethyl. 

A compound in accordance with Claim l^vherein 

X is -CH 2 CH 2 -; 

R A is 

phenyl , or 

phenyl substituted by 
fluorine, 
chlorine, 
hydroxy, 
tr i f 1 uoromethyl f 

alkoxy of from one to four carbon atoms, 
alkanoyloxy of from two to eight carbon 
a toms ; 

R 2 and Rj are independently 
hydrogen, 
chlorine, or 
bromine; and 

R 4 is isopropyl or trif luoromethyl . 
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is chloride, 



~ST^ 01795 
A compound in accordance with Claim l.wherein 



X is -ch 2 ch 2 -i 

R x it 

phenyl i 

phenyl substituted by 
fluorine, 
chlorine, 
trif luoromethyl r 

alkyl of from one to four carbon atoms, 
alkoxy of from one to four carbon atoms, 
alkanoyloxy of from two to eight carbon 
atoms, 

1- naphthyl, 

2- naphthyl; 

R 2 and are independently 
hydrogen, 
chlorine, 
bromine, 
cyano , 

trif luoromethyl , 
phenyl , 

alkyl of from one to four carbon atoms, 
carboalkoxy of from two to eight carbon atoms, 
-CH^ORg where R g is 

hydrogen or alkanoyl of from one to six 
carbon atoms, 
-CH 2 OCONHR 7 where R ? is 

alkyl of from one to six carbon atoms, 

phenyl , or 

phenyl substituted with 
chlorine, 
bromine, or 

alkyl of from one to four carbon 
atoms; 



01795 



or, when taken together with the carbon atoms 
which they are attached, Rj and Rj form a 
ring denoted by 



where R g is 
hydrogen, 

alkyl of from one to four carbon 

a tons, 
phenyl, or 
benzyl, or 
a ring denoted by 



where R^ and R JB are 
hydrogen, 

•lkyl of fron one to four carbon 7e 

atoms, or 
benzyl; and 



is 

alkyl of from one to four carbon atoms, 
cyclopropyl. 




where n is three or four; 
a ring denoted by 




a ring denoted by 
O 





-to- 
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6. 

5 
10 
15 
20 

25 

30 



cyclobutyl, or 
tr if luororaethyl . 

A compound in accordance with Claim l^wherein 
X is -CH 2 CH 2 -j 

Rl is 

phenyl, 

phenyl substituted by 



fluorine, 
chlorine, 
tri f luoromethyl , 

alkyl of from one to four carbon atoms, 
alkoxy of from one to four carbon atoms, 
or alkanoyloxy of from two to eight carbon 
atoms; 



R 2 and R 3 are independently 
hydrogen, 
chlorine, 
bromine , 
phenyl , 

carboalkoxy of from two to eight carbon atoms, 
or, when taken together with the carbon 



atoms to which they are attached, R 2 and Rj 
form a ring 
denoted by 




where n is three or four; 
a ring denoted by 




O 



where Rg it 

hydrogen, or 01 79559 

•lkyl of froa one to four carbon 
atoms; or 

a ring denoted by 



O 




hydrogen or alkyl of from one to 
four carbon atoms; and 

i is 

alkyl of from one to four carbon atoms, or 
tr if 1 uoromethyl . 

compound in accordance with Claim l ? whereln 
X is -CH 2 CH 2 -, 

R A Is 

phenyl, or 

phenyl substituted by 
fluorine, 
chlorine, 
tri f luoromethyl , 

alkyl of from one to four carbon 
atoms, 

alkoxy of from one to four carbon 
atoms, or 

alkanoyloxy of from two to eight carbon 
atoms; 



R 2 and R 3 are independently 

carboalkoxy of from two to eight carbon 
atoms or. 



62- 
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when taken together with the carbon atoms to 
which they are attached form a ring denoted by 



wherein *8 * B hydrogen or alkyl of from one - 
to four carbon atoms; and R4 is isopropyl or 
trif luoromethyl . 

h compound in accordance with Claim 1 ; selected 
from the group consisting of trans -6-12-13,4- 
d ichloro- 2- ( 4-f luorophenyl ) -5- { 1 -methyl ethyl ) - 
lH-pyrrol-l-yl] ethyl] te trahydro- 4-hyd roxy-2H- 
pyran-2-one; 

trans -6-2- [3, 4-dibroroo- 2- (4-f luorophenyl) -5- 

( 1-methylethyl )-lH-pyrrol-l-yl] ethyl] tetrahydro- 

4 -hyd roxy-2H-pyr an- 2-one ; 

trans -6- [2- [2- { 4-f luorophenyl ) -5- (trif luoromethyl ) 
lH-py r r ol- 1 -y 1 ) e thyl ] te trahydro- 4-hyd roxy-2B- 
pyran-2-one; 

trans -d ime thyl 2- { 4 -f 1 uorophe ny 1 ) - 5- ( 1 -me thyl- 
e thy 1 ) - 1 - [ 2- ( te tr ahyd r o- 4 -hyd roxy- 6-oxo- 21* - 
pyran-2-yl Jethyl] -lH-pyrrole-3, 4-dicarboxylate ; 
trans -6- 1 2- 1 2 - ( 4-f luorophenyl- 5-»e thyl- IB- 
pyrrol-l-yl] ethyl] tetrahydro-4-hydroxy-2H- 
pyran-2-one; 

trans-6- (2- [2-(4-f luorophenyl-5-(l-»ethylethyl)- 
lH-pyrrol-l-yl] ethyl] te trahydro- 4-hyd roxy-2H- 
pyran-2-one; 

trans - 6 - [ 2 - 1 2 -eye lopropy 1- 5- ( 4 -f 1 uorophe nyl ) - 
lH-pyrrol-l-yl) ethyl] tetrahydro- 4-hyd roxy-2H- 
pyran-2-one; 

trans-6- [2- [2-{l,l-di*ethylethyl)-5-(4-f luoro- 
phenyl )- IB -pyrrol- 1 -ylj e thy 1 ] te trahyd ro- 4- 
hydroxy-2B-pyran- 2-one j 
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trans-tetr»hydro-4-hydroxy-6-l2-I2-(2-»ethoxy- 
. phenyl )-5-nethyl-lH-pyrrol-l-yl J ethyl J -2H-2-one ; 
trans- te t r ehyd ro- 4 -hyd roxy-6- 12- 12- ( 2 -me thoxy- 
phenyl ) - 5- ( 1 -me thy 1 e thyl ) -lH-pyr rol- 1-y 1 1 e thyl J - 
5 "2H-pyr an- 2 -one ; 

trans -tetrahydro-4-hydroxy-6- [2- C2-methyl-5- 
. (1-naphthalcnyl )-lB-pyrrol-l-yll e thyll -2H- 
pyran-2-one ; 

trans- 6- 1 2- ( 2-bicyc lo 1 2 . 2 . 1 ) hep- 5-en-2-yl- 5- 
0 »ethyl-lH-pyrrol-l-yl)ethyl) tetrahydro-4- 

hydroxy-2H-pyran-2-one; and 
trans- 6- 1 2 - [ 2 - ( 4 -f 1 uorophe ny 1 } -5- ( 1-nethy 1 - 
phenyl )-lH-pyrrol-l-yl J propyl] tetrahydro-4- 
hyd roxy-2tJ-pyran- 2-one . 

5 

9. A method of preparing a compound having the 
structural formula 



20 



?5 




wherein X, R 2 , R 3 and R 4 are as defined in 

Claim 1, said method comprising the steps of: 



35 
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(•) first reacting a substituted l(pyrrol-l-yl)- 
•lkyll aldehyde compound of Formula 1X1 




ZII 

where X, Ri, R2» *3» an< * R 4 as «efi" ea 
above, with the alkali metal aalt of the dianion 
of methyl acetoacetate to form a compound of 

structural Formula IV R 0H © 

.1 i it 



I II 

X-CBCH-CCH-COOCH- 

t' 



IV 

where X, R x , R 2 r R3» and R 4 «r e as defined 
above, then successively 

(b) reducing Compound IV with a trialkylborane 
and sodium borohydride, and 

(c) oxidising with alkaline hydrogen peroxide 
to produce an acid compound of Formula V r 



and finally 
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16) cycliiing, if desired, the acid compound of 
Formula V to a lactone compound of Formula I by 
heating in an inert solvent or, alternatively 
converting, if desired, the acid compound of 
Formula V to a pharmaceutical^ acceptable salt. 

10 A pharmaceutical composition, useful as a hypo- 
cholesterolemic agent, comprising a hypocholes- 
terolemic effective amount of a compound in 

accordance with any one of Claims 1 to 8 in 
combination with a pharmaceutical^ acceptable 
carrier or diluent. 

11. For use in a method of treatment in 
which cholesterol biosynthesis in a patient is 
inhibited, a compound in accordance with any one 
of Claims 1 to 8 or a pharmaceutical composition 
in accordance with Claim 10. 
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CtMHSt (for AT): 

1. A process for preparing a compound having 
the structural formula li * 

H_ PH 



10 



15 



J] 



wherein X is 
-CH 2 -, 

-CH 2 CH 2 -, or 
-CH(CHj)CH 2 -j 



R x is 



1- naphthyl, 

2- naphthyl , 
cyclohexyl , 

20 norbornenyl, 

phenyl, 

phenyl substituted by 
fluorine , 
chlorine , 
25 hydroxy, 

trifluoromethyl, 
. ... alkyl of fro« one to four carbon atoms, 

alkoxy of from one to four carbon atoms, or 
alkanoyloxy of from two to eight carbon 
30 atoms, 

2-, 3-, or 4-pyridinyl, 

2-, 3-, or 4-pyrldinyl-W-oxide, or 
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vhere R $ it alkyl of from one to four 
carbon atoms and hal~ is chloride, 
bromide, or iodide; 
and R 3 are independently 
hydrogen, 
chlorine, 
bromine, . 
cyano, 

trif luoromethyl, 
phenyl , 

alkyl of from one to four carbon atoms, 
carboalkoxy of from two to eight carbon atoms, 
-CHjORg where R fi is 
hydrogen, 

alkanoyl of from one to six carbon atoms, 
-CH 2 OCONHR 7 where R ? is 

alkyl of from one to six carbon atoms, 
phenyl, 

phenyl substituted with 
chlorine, 
bromine, or 

alkyl of from one to four carbon 
atoms; 

or when taken together with the carbon atoms to 
which they are .attached, R 2 and R^ form a 
ring denoted by 




where n is three or 
a ring denoted by 



four. 



10 
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• ring denoted by 
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where is 



hydrogen, 

•lkyl of froB one to six carbon 
•tons, 

phenyl, or 
benzyl; 



15 



20 



25 



30 



35 



or s ring denoted by 



c 10 



where Rj and are 
hydrogen, 

alkyl of froB one to four carbon 

atoms, or 
benzyl; 



R 4 is 



alkyl of from one to four carbon atoms, 
cyclopropyl, 
cyclobutyl, or 
tr if luorom ethyl ; 

or a corresponding lactone ring-opened dihydroxy 
acid derived therefrom, or a pharmaceutical^ 
acceptable salt thereof; 

which process comprises: 



-69- 
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(a) first reacting a substituted [(pyrrol-l-yl)- 
alkyl) aldehyde compound of formula III 



where X, Rj, R 2 , R3 r and R4 are as defined 
above, with the alkali metal salt of the dianion 
of methyl acetoacetate to form a compound of 
structural Formula IV _ „ _ 



where X, R^ r R 2 , R3, and R4 are as defined 
above , then successively 

(b) reducing Compound IV with a trialkylborane 
and sodium borohydride, and 

(c) oxidizing with alkaline hydrogen peroxide 
to produce an acid compound of Formula V, 



5 




15 




25 



and finally 




30 



V 



35 
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(4) cyclUing, if deaired, the acid compound of 
Formula V to • lactone compound of formula X by 
. betting In en inert solvent or, alternatively 
converting, if desired , the acid compound of 
Formula V to a phermaceuticelly acceptable salt. 
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2. A processr In accordance with Claim 1^ wherein 

X is 

-CH 2 CH 2 -j 

5 

R x is as defined in Claim 1, 

R 2 and Rj are independently 
hydrogen, 
10 chlorine, or 

bromine; and 



R 4 is as defined in Claim 1. 
3. A process in accordance with Claim l^wherein 
X is 

-CH 2 CH 2 -; 

R x is 

phenyl , 

phenyl substituted by 
fluorine, 
chlorine, 
hydroxy, 
trif luoromethyl, 

alkyl ©f from one to four carbon atoms, 
alkoxy of from one to four carbon atoms, 
alkanoyloxy of from two to eight carbon 
atoms, 
2-, 3-, or 4-pyridinyl, 
2-, 3-, or 4-pyridinyl-H-oxide, or 



35 




20 



25 



30 



where R_ is alkyl of from one to four 
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carbon atoms and hal" is chloride, 
bromide, or iodide; 

R 2 and Rj are Independently 
5 hydrogen, 
chlorine, 
bromine; and 

R 4 is 

10 alkyl of from one to four carbon atoms, or 

trlfluoromethyl* 

4. A process in accordance with Claim l^vherein 

15 X is -CH 2 CH 2 -; 

R A is 

phenyl, or 

phenyl substituted by 
20 fluorine, 
chlorine, 
hydroxy, 
tr if luoromethyl , 

alkoxy of from one to four carbon atoms, 
25 alkanoyloxy of from two to eight carbon 

atoms; 



30 



R 2 and Rj are independently 
hydrogen, 
chlorine, or 
bromine; and 

Rj is isopropyl or trlf luoromethyl. 



35 
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process' in accordance with Cl«i» l^wherein 

is -CH 2 CH 2 -; 

1 *» 

phenyl , 

phenyl substituted by 
fluorine, 
chlorine , 
trif luoromethyl , 

alkyl of from one to four carbon atoms, 
alkoxy of from one to four carbon atoms, 
alkanoyloxy of from two to eight carbon 
atoms, 

1- naphthyl, 

2- naphthyl ; 

2 and are independently 

hydrogen, 
chlorine, 
bromine , 
cyano, 

trif luoronethyl , 
phenyl , 

alkyl of from one to four carbon atoms, 
carboalkoxy of from two to eight carbon atoms, 

~ CH 2 OR 6 where *6 iK 

hydrogen or alkanoyl of from one to six 

carbon atoms, 

-CH 2 OCONHR 7 where ILj is 

alkyl of from one to six carbon atoms, 

phenyl , or 

phenyl substituted with 
chlorine, 
bromine, or 

alkyl of from one to four carbon 
atoms; 
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or, when taken together with the carbon atoms to 
which they »re attached, R 2 and fora a 
ring denoted by 



Of 



where n is three or fouri 
a ring denoted by 



a] 



a ring denoted by 
0 



4XJ 



where R g is 
hydrogen, 

alkyl of fro» one to four carbon 

a tons, 
phenyl, or 
benzyl, or 
a ring denoted by 0 




*10 



where * g and R lf are 



hydrogen, 

alkyl of f roa one to four carbon 7f 

a tons, or 
benzyl* and 



is 

alkyl of from one to four carbon atons, 
cyclopropyl. 
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cyclobutyl, or 
trifluoromtthyl • 
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A process* in accordance with Claim l^wherein 
X is -CH 2 CH 2 -| 

Rl is 

phenyl, 

phenyl substituted by 
fluorine, 
chlorine, 
trifluoromethyl, 

alkyl of from one to four carbon atoms, 
alkoxy of from one to four carbon atoms, 
or alkanoyloxy of from two to eight carbon 



f*2 and R^ are independently 
hydrogen, 
chlorine, 
bromine, 
phenyl, 

carboalkoxy of from tiro to eight carbon atoms, 
or, when taken together with the carbon 

atoms to which they are attached, R 2 and R 3 

form a ring 

denoted by 



atoms; 




where n is throe or four; 
a ring denoted by 
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where Rg it 

hydrogen, or 

alkyl of from one to four carbon 
•tons; or 

a ring denoted by 



where R^ end ere 

hydrogen or alkyl of from one to 
four carbon itont; and 

is 

alkyl of from one to four carbon atoms, or 
trif luoromethyl. 

process in accordance with Claim l^wherein 

X is -CH 2 CH 2 - # 

is 

phenyl, or 

phenyl substituted by 



fluorine, 
chlorine, 
tr i f 1 uorometbyl f 

alkyl of from one to four carbon 
atoms, 

alkoxy of from one to four carbon 
atoms, or 

alkanoyloxy of from two to eight carbon 
atoms; 



R 2 and Rj are independently 

carboalkoxy of from two to eight carbon 
atoms or. 
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when taken together with the carbon atone to 
which they are attached £or» a ring denoted by 

0 . ^ 




wherein Rj is hydrogen or alkyl of from one 
to four carbon atoms; and R4 is isopropyl or 
trif luororaethyl . 

A process according to Claim 1, in which one: of the 
following compounds is prepared : .* trans - 6- 12- [3,4- 
d ichloro- 2- ( 4-f luorophenyl ) -5- ( 1-methyle thyl ) - 
IH-pyrrol-l-yl) ethyl] tetrahydro-4-hydroxy-2H- 
pyran-2-one ; 

trans-6-2- [3 , 4-dibromo- 2- { 4-f luorophenyl } -5- 

{ 1 -me thy 1 e thyl ) -lH-py r rol- 1-y 1 ] e thyl ] t e t rahyd ro- 

4-hydroxy-2H-pyran-2-one ; 

tjrans-6- 12- 12- (4-f luorophenyl) -5- (tr if luorome thyl) - 
lH-pyr r o 1- 1 -y 1 ) e thyl ] te tr ahyd ro- 4-hyd roxy- 2H- 
pyran-2-one; 

trans -d iree thyl 2- ( 4 -f luorophenyl ) -5- { 1 -nethyl- 
ethyl)-l-l2-{tetrahydro-4-hydroxy-6-oxo-2B- 
pyr an- 2-y 1 ) e thyl J -lB-pyr role- 3 , 4 -d icarboxyla te ; 
trans-6-[2-!2-{4-fluorophenyl-5-aethyl-lH- 
pyrrol-l-yllethyl] tetrahydro-4-hydroxy-2H- 
pyran-2-one; 

trans-6-(2-[2-(4-fluorophenyl-5-(l-»ethylethyl)- 
1H-Pyr rol- 1 -y 1 ] e thy 1 ] te tr ahyd ro- 4 -hyd roxy-2H- 
pyran-2-one? 

trans - 6-12-12 -eye lopropyl- 5- ( 4 -f 1 uorophe nyl ) - 
lB-pyrrol-1-yl) ethyl 1 te t rahyd ro- 4 -hyd roxy- 2e - 
pyran-2-one; 

trana -6- 12- [2- (1 , 1-d Lme thy le thyl ) -5- ( 4-f luoro- 
phenyl ) -iH-pyrrol- 1 -y 1 ) e thyl ) te t rahyd ro- 4- 
bydroxy-2H-pyran-2-one j 
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trana -t»trahydro-4-hydro»y-6-|2-|2-(2-»etho«y- 

pbt ny 1 ) - $-»e thy 1- lH-pyr rol- 1-y 1 ) • thyl J -2B-2 -one j 
trajQs-tetrahydro-4-hydroxy-6- 12- l2-(2-»ethoxy- 
pbe nyl ) - 5- ( 1 -»e thy 1 « thy 1 ) - lH-pyr rol- 1-y 1 1 • thy 1 J - 
5 *2H-pyr an- 2 -one ; 

tjans-te trahydro-4-hydroxy-6- 12- l2-»«thyl-5- 
. (1-naphthalenyl )-lB-pyrrol-l-yl)ethyl) -2B- 
pyran-2-one* 

trans -6- l2-(2-bicyclot2 . 2. 1 Jhep-5-en-2-yl-5- 
10 ■ethyl-lH-pyrrol-l-yl)ethyl) tetrahydro-4- 
hydroxy-2H-pyran-2-one; and 
trans -6- 12- [2-(4-f luorophenyl )-5- (l-»ethyl- 
phenyl )-lH-pyr rol- 1-yll propyl) tetrahydro- 4- 

hydroxy-2 t H-pyran-2-one . 

15 9. A process for preparing a pharmaceutical 

composition which process comprises combining a compound 
prepared in accordance' with any preceding claim together 
with a pharmaceutical ly acceptable carrier or diluent. 

10. For use in a method of treatment in which 

20 cholesterol biosynthesis in a patient is inhibited, 
a compound in accordance with any one of Claims 
1 to 8 or a pharmaceutical composition in accordance 
with Claim 9. 



25 



30 
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